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ta.  aeoNsoftiNa  military  activity 


USAMERDC 
Fort  Belvoir,  Virginia 


"-^’nie  U.  S.  Army  Mobility  Equipment  Research  and  Development  Center  has  developed  Mooring  Site  Survey 
Equipment  as  part  of  the  Multi-Leg  Tanker  Mooring  System.  The  mission  of  Mooring  Site  Survey  Equipment 
is  to  survey  the  ocean  bottom  and  sub-bottom  at  a  prospective  mooring  site  and;  (*j  Loca  te  submerged  objects 
that  are  navigational  hazards  to  ships  and  lifters  operating  in  or  around  moorings-  jXf  Determine  the  suitability 
of  the  sediment  for  the  deployment  of  the  USAMERDC  XM-50  and  XM-200  Explosive  Embedment  Anchor 
(EEA).  (c/ Provide  a  continuous  water  depth  record  in  the  mooring.  (^Determine  profile  of  bottom  from 

shore  to  mooring  site  to  determine  suitability  for  installation  of  submarine  pipeline., 

*  ./ 

The  components  of  Mooring  Site  Survey  Equipment  are:  (a)  Acoustic  Underwater  Survey  Equipment 
(AUSE),  which  remotely  detects  sediment  interfaces  within  the  sediment  and  objects  on  the  ocean  bottom 
using  acoustic  energy,  (b)  Explosive  Embedment  Penetrometer  (EEP),  which  determines  the  suitability  of 
ocean  bottom  sediments  at  a  particular  location  for  the  deployment  of  the  USAMERDC  XM-50  and  XM-200 
Explosive  Embedment  Anchors  by  propelling  a  projectile  into  the  ocean  floor. 

-  The  AUSE,  a  combination  side  scan  sonar  and  sub-bottom  profiler,  is  initially  deployed  at  a  mooring  site  to 
detect  submerged  and  protruding  objects  and  determine  the  general  sediment  composition^.,  Eliminating  those 
areas  not  suitable  for  the  EEA, -the  EEP  is  deployed  at  the  exact  location  where  an  EEA  is^fo  be  fired.  The  EEP 
fires  a  projectile  into  the  ocean  floor  and  measures  the  penetration  and  force  required  to  extract  it.  Hie  pene¬ 
tration  and  extraction  forces  of  the  EEP  are  correlated  to  the  penetration  and  holding  power  of  the 
USAMERDC  XM-20  and  XM-200  EEAs.  , 

Testing  and  development  of  this  equipment  is  discussed.  *"  |GL  — 
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SUMMARY 


The  U.  S.  Army  Mobility  Equipfricr  t  Research  and  Development  Center  has  devel¬ 
oped  Mooring  Site  Survey  Equipment  as  part  of  the  Multi-Leg  Tanker  Mooring  System. 
The  mission  of  Mooring  Site  Survey  £qu  pment  is  to  survey  the  ocean  bottom  and  sub¬ 
bottom  at  a  prospective  mooring  site  ant : 

a.  Locate  submerged  objects  that  are  navigational  hazards  to  ships  and  lighters 
operating  in  or  around  moorings. 

b.  Determine  the  suitability  of  tB  e  sediment  for  the  deployment  of  the 
USAMERDC  XM-50  and  XM-200  Explosive. Embedment  Anchor  (EEA). 

c.  Provide  a  continuous  water  de  jth  record  in  the  mooring. 

d.  Determine  profile  of  bottom  f  om  shore  to  mooring  site  to  determine  suita¬ 
bility  for  installation  of  submarine  pipeline. 

The  components  of  Mooring  Site  St  rvey  Equipment  are: 

a.  Acoustic  Underwater  Survey  B  quipment  (AUSE),  which  remotely  detects 
sediment  interfaces  within  the  sediment  tnd  objects  on  the  ocean  bottom  using  acous¬ 
tic  energy. 

b.  Explosive  Embedment  Penetrometer  (EEP),  which  determines  the  suitability 
of  ocean  bottom  sediments  at  a  particular  location  for  the  deployment  of  the 
USAMERDC  XM-50  and  XM-200  Explosive  Embedment  Anchors  by  propelling  a  pro¬ 
jectile  into  the  ocean  floor. 

The  AUSE,  a  combination  side  scan  sonar  and  sub-bottom  profiler,  is  initially  de¬ 
ployed  at  a  mooring  site  to  detect  submerged  and  protruding  objects  and  determine 
the  general  sediment  composition.  Eliminating  those  areas  not  suitable  for  the  EEA, 
the  EEP  is  deployed  at  the  exact  location  where  an  EEA  is  to  be  fired.  The  EEP  fires  a 
projectile  into  the  ocean  floor  and  measures  the  penetration  and  force  required  to  ex¬ 
tract  it.  The  penetration  and  extraction  forces  of  the  EEP  arc  correlated  to  the  pene¬ 
tration  and  holding  power  of  the  USAMERDC  XM-50  and  XM-200  EEAs. 

Testing  and  development  of  this  equipment  is  discussed,  and  it  is  concluded  that: 

a.  Mooring  Site  Survey  Equipment  can  determine  the  suitability  of  an  offshore 
area  for  the  deployment  of  the  Multi-Leg  Tanker  Mooring  System.  The  AUSE  and  EEP 

« * 
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complement  each  other  to  achieve  the  mission  with  a  degree  of  accuracy  and  reliability 
that  is  not  equaled  by  the  deployment  of  one  of  the  components  alone. 

b.  The  combination  of  a  sub-bottom  profiler  and  side  scan  sonar  is  far  more 
valuable  than  either  alone.  The  side  scan  sonar  aids  in  the  identitication  of  the  surface 
sediments  on  th<  sub-bottom  profiler. 

e.  The  side  scan  sonar  can  identify  manmade  objects,  natural  terrain  features 
and  ocean  bottom  surface  sediment  characteristics. 

d.  The  sub-bottom  profiler  can  detect  discrete  sediment  layers  approximately 
1  foot  in  thickness. 

e.  The  sub-bottom  profiler  can  determine  the  general  sediment  type  of  the 
ocean  floor  and  can  distinguish  between  sand.  rock.  mild.  .«nd  day. 

f.  Limited  testing  has  shown  that  enlisted  personnel  of  V-OS  5iC»  with  proper 
training  arid  sufficient  experience  can  operate  the  A  USE. 

g.  A  con  elation  exists  between  tne  penetration  and  extraction  force  of  the 
EEP  and  the  penetration  and  holding  power  of  the  USAMERDC  XM-200/XM-50  EEA. 

h.  The  Mooring  Site  Survey  Equipment  can  be  deployed  from  a  25-foot  Coast 
Guard  Motor  Surfboat  in  light  seas. 


FOREWORD 


Authority  for  design,  fabrication,  and  testing  of  Mooring  Site  Survey  Equipment 
is  contained  in  Task  IJ6647I7DL4101.  '‘Marine  Terminals". 

Design  and  fabrication  of  the  major  components  wen1  accomplished  under  eon 
tracts  by  the  Environmental  Equipment  Division  of  EG&G  ( D  A  A  K02-7 1  -C-04 1 0)  and 
'!.'gnavr»\  Systems.  Inc.  (DAAK02-7I-C-0274).  Toe  design  «r>d  fabrication  of  the  an¬ 
cillary  components  were  accompli  -bed  at  US  \.*1fc.KDC  under  the  direction  of  \\  illiam 
S.  Guerrant.  Chief  of  Construction  ;,nd  Marine  Systems  Branch,  t  Uei.-  Dandling  Equip¬ 
ment  Division.  US  \MERDC.  The  in!! owing  ISAMERDC  personnel  have  been  active 
in  the  de\clopntcnl  of  Mooring  > i i ~  Survey  Equipment:  1LT  Kenneth  R.  Bitting.  SPA 
David  J.  Kramer,  and  SP4  Duane  Braun. 
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MOORING  SITE  SURVEY  EQUIPMENT 


L  INTRODUCTION 

The  l'.  S.  Array  Mobility  Equjpmrnf  Ktseweh  xsA  tktdopnral  Cwkr 
(USAMEKDQ.  Fori  Bdvnjcr,  Virpnu.  if  Jndjpo*  the  )yiMjR*TznkitT  MowinjSy#- 
Iras  consisting  of  a  tactical.  iff-lruspotlaUc  moofi^fonflnidioo  system.  and  a  AHib 
erabr  mooring  system  irsialbMr  with  (MntnliW  tsarior  tMt<(nirik«  nppesmt. 

The  oonflrjdwo  limr  and  air-f  rzc*porial*iitr  v.<ei*ir|  fimilationf  nmsiblc  I  hr 
vtet  of  embedment  ajckm  rather  than  (hr  common  chain  and  anchor  type 

nsoonn* 

Tbr  XM-50  fipJoHvt  Embedment  <\b-W  (EEA)  developed  for  Iht  jTftnn  tiy 
USAMER  DC  if  deployed  roost  reliably  in  and  day?,  rid  not  hold  in  mud.  raA  can- 

not  pmrti ale  rod.  This  necessitates  the  elimination  of  po^ednf  mociin*  flits  that 
hare  undesirable  chzndmftics.  This  is  the  mission  of  Moonn*  Site  Surrey-  Equipment. 

Mooring  Site  Surrey-  Equipment  (MSSE)  is  composed  of  trro  components:  Awwftir 
Underwater  Surrey  Equipment  (AUSE)  and  Explosive  Embedment  Penetrometer  (EEP). 

Acoustic  Underwater  Survey  Equipment  is  a  combination  side  scan  sonar  and  sub¬ 
bottom  profiler.  The  side  scan  sonar  delects  manmade  and  natural  obstructions  on  the 
ocean  floor  that  misfit  damage  a  tanker  as  it  approaches  the  mooring.  The  sub-bottom 
profiler  gives  a  general  indication  of  the  sediment  suitability  for  the  deployment  of  the 
EEA.  It  also  gives  a  continuous  water  depth  record  in  the  mooring. 

Once  the  AUSE  has  identified  areas  that  appear  l< »  Ik-  suitable  for  tire  mowing,  the 
EEP  is  deployed  at  the  exact  locations  where  the  explosive  embedment  anchors  are  to 
fte  fired.  The  EEP  is  lowered  from  a  25-fool  Coast  Guard  Motor  Surf  Herat  (MSB)  and 
fires  a  projectile  into  the  ocean  floor.  The  force  required  to  extract  the  proieelilc  and 
the  penetration  of  the  projectile  into  the  ocean  floor  are  measured.  From  this  informa¬ 
tion.  the  potential  holding  p-jwer  of  the  XM-50  EEA  ran  l»e  predicted.  Whereas  the 
\l  >‘E  detects  the  m  ean  floor  remotely .  the  HEP  pro* ides  a  ~ph:  >irj|  handle”  on  the 
suir-iroliom  soil  characteristics. 


II.  ACOUSTIC  IM)KKAA  \TKK  SURVEY  equipment 


A.  Concert 

I.  General  Description.  The  mission  of  llir  \USE  i-  to  -urvry  the  ocean  floor  at 
a  mooring  -ite  and  determine  1>\  acoustic  means  its  -tiilahihly  for  the  deployment  ol  the 
l  S  AMKRDC  Y'l  50  EE  A.  It  acrompli-he-  this  in  three  way-. 
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a.  f!<  lirlmniaie^  «jearral  ^tfiascsl  cwap«a!»o  up  to  50  furl  brlow  liar 
•wncaa  floor  asadi  aAnotifyiag  asnc*f  mot  scsitalb&r  fee  thr  drpkmKnl  of  the  FIFA.  The  two 
cwesditBocsf  SttEstmag  the  ewe  of  list-  EEA  xrc  awdsBMratf  too  soft  to  permit  the  EEA  to  de¬ 
velop  xdnpzuhr  faeAfoq*  power,  amd  rodk  bottoms  auto  which  thr  EEA  eamao!  perartratr. 

in.  By  locating  EstamsnaAe  obstacles  aod  mataral  features  (r-gg.  sunken  vessels 
and  rocks)  ora  Ik  omasa  floor  wfckfc  are  caviigatiorBal  koanSf  to  vessels  or  ap- 

prMKfcj  oe  oprrairag  within  the  tisoocir^g  site. 

r.  Bt  pom&j;  i  cwalinxiof.  anauir  mourd  of  tk  nirr  dtplit  tkm^i- 

ocit  tkeiw^a^klkippwadie?.il  will  sdemlify  areas  in  or  arar  the  taoorimg 
•Star  tk  water  depth  if  not  foBkirat  for  the  operation  of  Fighter  or  Izumkf.  Thif 
irafcrmaitiiora  will  also  atssft  in  drlmaioiii*  thr  esaxteaxiBB  dir  draft  of  a  tzrArr  (k-  the 
Quantity  of  priroiniffl  it  cancel  before  it  «  ilwlrkd  to  tk  bh> 

2.  SonrCweptf.  The  \1>E  b  a  twaleulioo  fide  scan  and  soraar  fnlrboiloE: 
profiler. 

a.  Sukfiotloa  Profier.  The  sub-boisom  proffer  if  a  ~down-looking“ 
sonar  that  producer  a  profile  of  the  ocean  bottom  sediments  along  a  vertical  plane 
(Fig,  I).  The  sub-bev! tom  profiler  roasssts  of  a  sound  source  and  a  receiver. 

Thr  found  source  transmits  acoustic  rurr?'  vertically  into  thr  ocean 
floor.  The  energy  reflects  of?  the  ocean  floor  and  trlumf  to  a  waterborne  irrmcr  on 
the  furfacr.  The  amount  of  energy  and  the  time  interval  over  which  the  energy  if  re¬ 
turned  are  indications  of  the  general  type  of  sediment  present  in  the  ocean  floor. 

On  general,  thr  penetration  of  the  acoufiir  energy  into  thr  ocean  floor  if 
inversely  proportioned  to  the  frojurnry  of  the  outgoing  pulse.  The  resolution  of  the 
sediment  lay  ers  if  directly  proportional  to  the  frequency  and  is  generally  considered  to 
k  one-half  of  the  wavelength  of  the  transmitted  pk. 

b.  Side  Scan  Sonar.  Side  scan  sonar  “looL'"’  arro~  the  ocean  floor  and  de- 
IrrL-  natural  and  manmade  objects  and  surface  sediment  characteristic-.  Side  scan  sonar 
doc-  not  jirnelrale  the  ocean  floor. 

Tlie  side  -can  sonar  transducers  are  mounted  in  a  lowed  iiodv  that  is  sus- 
jK-ndcd  2-'<  to  -TO  fcr|  alnrtr  the  ocean  floor.  The  transducer  sends  a  fan-shaped  pul-r 
perprtidimlar  to  the  trjrk  of  the  vessel  and  derlined  -lighliv  from  thr  horizontal  (Fig  2). 
Tfic  a<  ou-tir  rncrgv  that  reflects  off  the  ocean  fl«n*r  i-  received  bv  a  tran-duerr  in  the 
towed  ImhIv . 


SiAr  <on  sonar  producer  a  rrrurd  similar  la  an  aerial  photograph  of  the 
oncaa  floor.  The  height  and  length  of  object#  can  be  determined  from  the  side  scan  so¬ 
nar  mrad. 

B.  Prototype  Equipment 

To  asses?  the  fculelity  of  the  application  of  sonar  •  j  mooring  site  surveys,  a  con 
tract  was  awarded  to  the  Environmental  Equipment  Division  of  EG&G,  Waltham.  Massa¬ 
chusetts.  to  fabricate  trie  necessary  equipment. 

EG&G  manufactures  a  side  scan  sonar  and  a  sub-bottom  profiler  for  commercial 
use.  To  conserve  the  limited  space  available  in  the  MSB.  the  two  instruments  were  com¬ 
bined  into  one  unit.  L'SAMERDC  leased  the  equipment  and  tested  it  in  areas  that 
offered  a  variety  of  ocean  bottom  and  sub-bottom  conditions.  The  results  of  the  tests 
showed  that  a  combination  side  scan  sonar-sub-bottom  profiler  was  a  feasible  approach 
to  the  assessment  of  mooring  site  suitability. 

Drawing  upon  the  experience  gained  during  the  tests,  a  purchase  description  was 
derived  for  the  second  generation  equipment  that  would  meet  the  specific  military  needs 
of  the  Multi-Leg  Tanker  Mooring  Svstem. 

C  Description  of  Equipment 

I.  General  Description.  The  A  USE  combines  a  5-kllz  sub-bottom  profiling  sys¬ 
tem  and  a  dual-channel  ride  scan  sonar  system  sharing  a  common  recorder  (Fig.  3).  The 
sub-bottom  profiling  system  provides  a  profile  of  the  sub-bottom  sediment  layers  below 
the  vessel's  path.  The  sidc-sean  system  provides  a  plan  view  of  the  ocean  bottom  on 
both  sides  of  the  vessel's  path.  AH  equipment  is  powered  by  two  1 2- volt  batteries  in 
series. 


The  basic  system  is  shown  in  Fig.  4  and  consists  of  a  side  scan  sonar  towed 
body,  a  sub-bottom  profiling  sound  source  and  hydrophone,  and  a  dual-channel  record¬ 
er.  The  side  scan  sound  source  and  receiver  arc  within  the  towed  body.  The  sub-bottom 
profiler  employs  separate  sound  source  and  receiver. 

2.  General  Specifications.  The  AUSE  was  designed  to  he  operated  by  two  men 
on  a  25-foot  Coast  Guard  Motor  Surf  Boat  (MSB)  at  some  speed  between  3  and  6  knots 
in  water  depths  between  25  and  150  feet  at  a  sea  stale  two  or  calmer  conditions,  with 
ambient  temperatures  between  25°  F  and  125°  F.  and  using  two  or  less  storage  batteries 
for  power.  The  side  scan  sonar  transducer  is  designed  to  provide  a  10-foot  resolution  of 
objects  at  a  range  of  500  feel. 
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Acoustic  underwater  survey  equipment. 


The  sub-bottom  profile  is  designed  to  determine  water  depths  to  within  ±  1 
percent  of  the  true  depth  in  25  to  1 50  feet  of  water  and  to  provide  50  feet  of  sub- 
bottom  penetration  in  mud  and  silt  sediments  and  lesser  penetrations  in  sand  and  gravel. 
The  sub-bottom  profiler  is  capable  of  resolving  a  distinct  sediment  layer  1  foot  in 
thickness. 

3.  Components. 

a.  Oceanographic  Recorder. 

(1)  General  Description.  The  oceanographic  recorder  is  of  the  dual- 
channel  continuous  wet  paper  type.  A  dual-channel  recorder  prints  two  independ¬ 
ent  signals,  one  on  each  half  of  the  1 1-inch  roll  of  chart  paper.  This  capability 
allows  the  side  scan  sonar  and  sub-bottom  profiler  data  to  be  displayed  simultane¬ 
ously,  one  on  each  channel. 

The  wet  paper  recording  process  utilizes  paper  that  is  permeated 
by  a  ferric  solution.  The  paper  turns  brown  as  current  passes  through  it.  The 
darkness  of  the  printed  signal  is  proportional  to  the  current  passing  through  the 
paper. 


The  recorder  contains  all  circuitry  necessary  to  generate,  transmit, 
amplify,  filter,  and  print  the  acoustic  signal.  Nearly  all  components  that  may  fail 
and  require  replacement  are  accessible  from  the  front  panel.  The  circuitry  is  physi¬ 
cally  grouped  in  two  ways,  by  functions  and  by  channel.  In  the  former,  the  circui¬ 
try  is  grouped  by  function  and  placed  on  printed  circuit  boards  (PCB).  Since  each 
PCB  has  a  specific  function  (e.g.,  amplifier  or  generator  card),  repairs  may  be  made 
by  identifying  the  type  of  operational  problem  and  removing  and  replacing  that 
Pf.B  while  the  instrument  is  operating.  Two  reserve  sets  of  PCB  arc  carried  with 
the  records  to  effect  repairs.  In  the  latter  method  of  grouping,  a  major  part  of  the 
circuitry  for  each  channel  is  independent  of  the  other.  This  allows  the  instrument 
to  continue  to  operate  even  if  difficulties  exist  in  one  of  the  channels.  This  arrange¬ 
ment  also  facilitates  the  location  of  malfunctions  by  further  separating  the  circuitry 

(2}  Circuit  Diagram.  A  simplified  circuit  diagram  is  shown  in  Fig.  5. 
Several  PCBs  (e.g.,  built-in  test  boards  and  relay  boards)  are  not  shown. 

(a)  Sub-Bottom  Profiler.  Upon  receipt  of  a  trigger  pulse  from  the 
trigger/seale  line  generator  (J3),  the  sub-bottom  profiler  (5-klIz)  driver  board 
discharges  a  bank  of  capacitors  into  the  barium  titanate  ceramic  transducers 
of  the  pinger  probe.  The  electric  pulse  causes  the  transducer  to  expand 
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rapidly  and  produce  a  pulse  of  acoustic  energy.  The  clicking  sound  can  he 
heard  by  the  human  ear. 

The  acoustic  pulse  travels  through  the  water  column,  reflect.' 
off  the  ocean  floor  and  sediment  interfaces,  and  returns  to  the  water’s  surface 
where  it  is  received  by  the  hydrophone.  The  sub-bottom  profiler  signal  am¬ 
plifier  (J9)  receives  the  signal  from  the  hydrophone  and  filters  and  amplifies 
it  to  a  level  that  will  drive  the  print  amplifier  (Jl,  J2).  The  print  amplifier 
raises  the  voltage  and  current  to  a  level  sufficient  to  cause  writing  to  appear 
on  the  paper.  The  print  amplifier  also  produces  the  event  marker. 

An  adjustment  in  the  print  amplifier,  called  the  threshold, 
eliminates  extraneous  noise  that  is  received  from  the  water  by  the  hydro¬ 
phone.  It  may  be  necessary  to  make  this  adjustment  when  operating  from 
vessels  with  different  noise  levels. 

The  filtered  and  amplified  signal  is  conducted  to  the  helix 
strip  through  a  comm1  tator  brush  in  the  end  of  the  drum.  The  current 
passes  from  the  helix  strip  through  the  paper  and  into  the  endless  electrode, 
called  the  helix  blade,  to  ground.  As  the  drum  turns,  the  helix  strip  contacts 
the  endless  electrode  at  a  point  which  sweeps  from  the  center  of  the  drum 
outward,  and  the  current  passes  through  the  paper  to  ground. 

The  total  image  on  the  paper  is  a  composite  of  many  lines 
next  to  one  another. 

(b)  Side  Scan  Sonar.  Upon  receipt  of  the  trigger  pulse,  the  side 
scan  driver  card  (J4)  sends  a  pulse  to  the  towed  body  referred  to  as  the  “fish.” 
Caution:  The  side  scan  driver  card  should  not  be  removed  or  otherwise  ad¬ 
justed  while  the  instrument  is  in  operation,  because  750  volts  are  present  on 
this  hoard. 


Transducers  on  both  sides  transmit  a  fan-shaped  beam  (Fig.  2). 
The  signal  returning  from  a  target  is  received  by  a  separate  transducer.  The 
signal  received  by  each  channel  is  amplified  and  filtered  by  the  side  scan  am¬ 
plifier  card  for  that  channel  (JO,  J9).  The  processed  signal  is  amplified  fur¬ 
ther  and  printed  by  the  print  amplifier  for  that  channel  (Jl,  J2). 

Scale  lines  are  printed  on  the  chart  paper  to  provide  a  special 
reference.  They  an  generated  by  the  trigger/scale  line  generator  (J  3).  The 
generator  is  triggered  once  each  revolution  by  a  flash  of  light  that  passes 
through  a  hole  in  the  cog  belt  wheel  on  the  end  of  the  helix  drum  axle. 
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SUBBOTTOM 
PROFILER  (SKHz) 
DRIVER  ^ 


£5)  frimtim*  MndoaifM-  T&w  pcfroBirrg  aundiaaiwrB  ifo  !k«rjC-n5  «ora  citr  ikffl 
fcaOf  off  filar  moownfinr.  ll  <omshwS.+  off  fibr  Sarlfix  (finnan.  brl&x  Eifiw&r.  pxptv  tSemtr  nofficiis. 
popmr  tbkir-cap  mrdL  auarfi  popur  noacgaria'ami. 

(a)  fy  j  Gmayartacraf.  A  ffmr-fa  moffi  of  puaptnr  ifo  pfiatnofi  an  Bear 
paper  cnwfiijpairti»r!sl  forfeiisd  filar  ifodSx  efimam.  A  .«saiS  <dboqp  fpoegp-  if-  pfianed 
Ezryfinr  filar  paper  fio  bwrp  it  sowfofi.  .Aadhorafi  beaC  oc  bezfi  «*rratrafimi  Lgr  filar 
dV-rfiroear  ciwnpwaenBs  *za  rocsse-  tbr  popnr  to  nary  -l^fsBlr  aeafi  liar  princfiiaa* 
will  appear  swraraffcaJ  ffanfirsi. 

liar  pzprr  if  «bz*m  o»er  filar  EaeE*.  (buns  arsd  paper  dm*  noffier- 
zimd  flipped  into  liar  paper  lzLr-sp  roespart eo«e1  Bhrocagfc  a  -fSod  in  8 for  top 
passri.  Slsm  I  hr  lid  if  tit  run  (F^,  6)  and  liar  ryjapsaral  if  operating.  filar 
paprr  does  mwl  kair  liar  pai'-wwrf  rrrwntinr  ajnid  if  Bforwffoer  saofi  sulyried 
to  salt-water  spray  - 

(b)  Paprr  Drive  RoUrrf.  The  paper  dmr  refers  pdll  ttar  paper 
out  of  lhr  paprr  compartment  and  Irlvcm  ih  hdi\  dram  and  helix  Made  in 
ihr  lid  (shown  in  rafoed  portion  in  Fig.  7).  The  rollers  aw  driven  by  a  I* Si 
from  Ihr  fame  motor  that  dmc?  lhr  hdix  (bum  and  paper  iakr-up  rrrL 

(c)  Paprr  Tirlp  ReeL  \fl«T  lhr  paprr  p-r-  between  the 
helix  drum  and  hrh\  blade  and  if  printed  upon,  it  i-  taken  up  oei  a  red  in  a 
splash-proof  compartment  in  the  front  of  the  (reorder.  The  red  if  driven  at 
the  fame  rate  af  the  paper  driir  rollerf.  \  dutch  meehanifm  applief  a  -light 
tension  to  the  paper  to  infurr  that  it  ro5L>  onto  the  red  evenly  and  permits 
the  red  to  l»r  turned  liackward  fo  that  the  weordf  ran  l»r  reviewed  while  the 
instrument  i-  operating. 

Hie  door  to  the  compartment  if  gasketed  so  that  no  water 
can  enter  the  compartment  and  damage  the  records,  since  expensing  these 
record-  to  spray  damage.-  them  severely .  This  feature  is  a  major  improve¬ 
ment  over  the  prototype  system  and  permits  all-weather  operation.  |n  a  dry 
environment,  the  door  can  l»e  opened  and  the  roll  taken  out  and  the  records 
reviewed  during  operation. 

(d)  Helix  Drum.  The  helix  -trip  (on  the  helix  drum)  -weep.-  a 
point  of  electrical  contact  across  the  paper.  There  fo  one  helix  -trip  for  each 
channel. 


THbr  ituiiu  nfl  jpusenw-  tfljr  ga^prrr  tnfio  t&r  mufflcM-  aftnrtSnwfie 

«iBoS  Sate  EkSt^  5fiu5f-  Tf.  <r  Bdii*  Elhi&r  w-  fit>  Cifin  fl  -AtmOst  Bo  (fijrtinBullr  Aur  *wtair 
mwntjk. 


THbe  jmssut-  OKtaMctnu  Sibr  Ibtfih.  itta^pf  amfi  Sft»e  Riti&t.  Bibiflr  »•  Jt&- 
pxstHtie  Ew  Smuiiftmf  (Fn^  Z) t 

(r)}  Lii.  lifer  Bifer  ifetfiit.  BBdfe- air*rmM»  .  «dfew&  Df  qpcr&s. 

Hhhh&oS  -to  tlfejfl  Elbe  sasmr  pmnssvfv-"  «*3B  B ir  Bo  Elfer  BtriSti  stag#  &«  Elbe  fctfe 

EJbr&r.  irawsnfflraff  ®>S"  Bry*  sjbr  Sad  cf  Eigfeldind. 

Tbc  Bd  Bass  forer  {fejhA&afihf  So  Shmihaftr  Elbe  imrMXifl  aif  &3  Ef  pno- 
daoofl.  Taw  bbS«jdh!S»  as  ntiraSi^ifitTS  Elbe  Saaap  am  Elbe  iriaftfl  sorflr 

«rf  Elbe  ocmfoofl  ttmarfL  TBr  imrijwm^aoMiBtEsid  So  a»«nd  &otm 

fjbodk  zad  wfiraSawa. 


4  eaznyrd  wtaadtr*  ©m  Sia  &d  (Fng.  6)  cn  Bar  opened  So  Saci&lzSr 
sntaijjzyr  tibe  swwrdk.  TEar  !&d  aa*d  wind..-.  asr  gadkirtcd  So  fomm  z  fgdjHfe-prwof 
owe  wnr  the  gaper- 

(4)  Cartmk. 


<*)  Hodcf  erf  OprabaL  Few  panoses  of  drSsa8»wa.  AtSF.  has 
thnnr  fiMxtsotafz  8*  o  eisaisari-  of  fide  «za  #or  ,  iff  aaod  the  sab  bottom  profiler. 
Tkesr  leadkicf  cm  be  comlcnod  in  ifcnt  mod  -: 


Port  Oonndl 

Sdrfon 

Jjdrjna 

Sub-bottom  proiiW 


5toio>  4  Quoad 
Side  -cm 

SubiwIt'M  profiler 
fsdr  fan 


(b)  Mode  Switch-  Th<"  mode-  .-witch  (Fig.  4:  determine-  tbc  ehan- 
ori  on  which  the  -ub-hoitom  profile  will  be  minted,  to  bra  the  switch  i- 
turned  to  the  left  s*r  right  the  profile  vcfli  print  on  the  p«,rt  or  »tarUuid  chan¬ 
nel.  rr-ne'-! n el \ .  The  side  -ran  -onar  on  the  opposite  eh-  jtnei  t  aulomalioll) 
printed.  Tlie  renter  p*»silion  of  the  mode  switch  turn*  oft  the  profile  and  the 
-ide  -can  -onar  <.f  l*otli  rliannel-  i-  printed. 


(e)  Function  Controls.  Tliere  ?re  three  -el*  of  ™.  slrol-.  one  fie 
earh  fun*  iron  (Fig.  H).  F-a*h  function  ran  l»r  tuned  jwoperh  .»i  all  lime-, 
eien  if  t|  i-  not  icing  printed.  Tin-  i-  ar.  imprmement  «*%er  lb*  prototype 
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I‘i"-  0.  Oceanographic  recorder-controls. 
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instrument,  which  had  only  two  controls  (i.e.,  amplifiers)  for  the  three 
function.-.. 

Each  time  the  mode  switch  was  changed,  the  amplifiers  had 
to  be  tuned  because  the  gain  settings  of  the  side  scan  sonar  and  sub-bottom 
profiler  arc  quite  different.  With  the  above  improvement,  all  functions  are 
always  tuned  and  ready  to  print  when  the  switch  is  turned.  This  is  particu¬ 
larly  helpful  during  a  survey  (paragraph  II  II). 

The  controls  for  each  function  affect  the  way  in  which  it  re¬ 
ceives  the  signal  as  it  returns  from  the  ocean  bottom.  The  Time  Varied  Gain 
(TVG)  (initial  and  slope  in  Fig.  8)  and  the  overall  gain  interact  so  that  a 
balance  must  be  reached  during  tuning.  A  description  of  the  controls  follows. 

L  Time-Varied  Gain  (TVG).  TVG,  a  function  of  the  signal 
amplifier  FCB,  increases  the  gain  of  the  amplifier  so  that  it  receives  the 
weaker  signals  from  the  deep  sediments  within  the  bottom.  The  gain  in¬ 
creases  as  the  point  of  electric  contact  sweeps  from  the  center  toward 
the  end  of  the  drum. 

The  “initial”  control  establishes  the  level  of  gain  from 
which  the  gain  will  increase.  The  slope  control  establishes  the  rate  at 
which  the  gain  increases  (i.e.,  slope  of  the  gain  curve).  Figure  9  illus¬ 
trates  the  concept  of  TVG. 

The  initial  gain  affects  the  one-third  of  the  record  at  the 
beginning  of  the  sweep,  the  slope  controls  the  middle  one-third  of  the 
record,  and  the  overall  gain  affects  the  outer  one-third.  These  controls 
are  all  interrelated  so  that  a  balance  must  be  met  by  adjusting  all  three 
controls. 


2.  Overall  Gain.  The  overall  gain  (Fig.  8)  controls  the  gain 
of  the  entire  record.  The  TVG  is  superimposed  on  top  of  the  overall 
gain  over  the  inner  two-thirds  of  the  record. 

(d)  Output  Power  Level.  The  power  level  switch  controls  the 
amount  of  energy  put  into  the  water  by  the  pinger  probe.  The  switches  add 
either  0.12  joules  or  0.25  joules  to  the  output.  Since  the  instrument  is  a  one- 
half  joule  system,  there  is  always  at  least  a  0.12-joule  output.  The  effect  of 
the  switches  is  shown  in  Table  I. 
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Table  I.  Power  Output 


.121 

SWITCH  ON 

.251 

SWITCH  ON 

%  MAX.  POWER 
OUTPUT 

X 

X 

100% 

X 

75% 

X 

50% 

25% 

(e)  Range  Scale  Switch.  The  range  of  the  instrument  is  most 
easily  defined  as  the  width  the  channel  represents.  AUSE  has  full-range  scales 
of  150,  300,  and  600  feet.  That  is,  on  the  150-foot  range,  the  farthest  point 
that  will  be  seen  on  the  side  scan  sonar  record  is  at  a  radial  distance  of  1 50 
feet  from  the  fish.  The  600-foot  scale  will  insonify  four  times  as  much  ocean 
floor  as  the  150-foot  scale,  but  the  image  of  a  target  will  be  one-fourth  the 
size. 


Since  the  range  scale  is  determined  by  the  hcli y  drum  speed 
and  is  therefore  the  same  for  both  channels,  the  side  scan  sonar  and  the  sub¬ 
bottom  profiler  are  on  the  same  range  scale. 

The  600-foot  range  scale  is  useful  only  for  performing  a  side 
scan  search  over  a  large  area  for  a  large  target.  The  necessary  detail  cannot 
be  seen  on  the  sub-bottom  profiler  record  on  the  600-foot  scale. 

(5)  IVinted  Circuit  Boards.  The  electronic  components  arc  organized 
on  Printed  Circuit  Boards  (PCB)  according  to  function  and  arc  accessible  through 
the  two  rovers  on  the  front  panel  (Fig.  7). 

The  PCBs  are  identified  in  three  ways: 
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(a)  Color  Code.  The  tabs  on  the  top  edge  are  colored  and  match 
the  color  and  name  on  the  underside  of  the  cover. 

(b)  Name.  The  name  describing  the  function  of  each  PCB  is  print¬ 
ed  on  it. 

(c)  Pin  Code.  The  pin  arrangements  on  each  PCB  match  the  recep¬ 
tacle  in  the  recorder  into  which  the  PCB  fits.  The  pins  on  all  PCBs  are  differ¬ 
ent  so  that  a  PCB  will  not  fit  into  the  wrong  receptacle.  The  sonar  amplifiers 
and  printed  amplifiers  for  both  channels  are  identical  and  can  be  interchanged. 

The  instrument  is  accompanied  by  two  sets  of  spare  PCBs  (one  set 
for  each  channel)  to  facilitate  repairs  in  the  field.  The  power  switch  must  be  in 
the  “off”  position  when  changing  PCBs  since  some  have  points  of  high  voltage. 

After  a  PCB  is  replaced,  the  covers  should  be  replaced  to  prevent 
foreign  matter,  water,  or  tools  from  entering  the  recorder.  Screw  drivers  left  on 
the  front  panel  can  fall  into  the  PCB  compartment  and  short  out  the  circuit. 

(6)  Event  Marker.  The  event  marker  prints  a  dark  line  continuously 
across  the  record.  These  marks  can  be  numbered  and  used  during  a  survey  to  cor¬ 
relate  the  record  with  the  navigational  plot. 

(7)  Lamp  Intensity  Control.  The  lamp  intensity  knob  controls  the  in¬ 
tensity  of  the  two  lights  that  illuminate  the  controls  and  the  four  lights  over  the 
record  (Fig.  9).  Lights  were  added  to  this  model  to  permit  night  operation. 

(8)  Elapsed  Time  Meter.  The  elapsed  time  meter  (Fig.  9)  records  the 
number  of  hours  (and  tenths  of  hours)  that  the  instrument  is  in  use.  It  was  added 
to  establish  the  mean  time  between  failure  of  components  and  to  assist  in  determin¬ 
ing  the  expected  life  of  wearing  parts  such  as  helix  heads  and  strips.  Reliability 
discussions  during  the  contract  negotiations  emphasized  the  difficulty  of  testing 
the  instrument  for  reliability.  It  was  decided  that  the  most  equitable  and  economic 
arrangement  would  be  for  the  contractor  to  replace  components  that  fail  within  a 
specific  time  span. 

The  elapsed  time  meter  is  connected  to  the  helix  drum  motor  cir¬ 
cuit  so  that  it  is  operating  whenever  the  instrument  is  operating. 

(9)  Built-In  Tests  (Input).  An  oscillator  built  into  the  instrument  pro¬ 
duces  a  signal  of  predetermined  frequency  and  amplitude.  The  signal  is  applied  to 
the  amplifier  by  pushing  the  “Test”  switches  on  the  front  panel.  If  the  amplifiers 
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are  putting  out  a  signal  at  a  designated  level,  a  light  line  will  appear  on  the  record. 
If  the  amplifier  is  too  weak,  no  line  will  appear. 

The  tranducers  need  not  be  connected  to  the  recorder. 

(10)  Built-In  Tests  (Output).  This  test  determines  whether  or  not  the 
transducers  are  transmitting.  A  test  hydrophone  (Fig.  10),  connected  to  the  re¬ 
corder  in  place  of  the  operational  hydrophone,  is  held  5  feet  from  the  pinger 
probe,  or  7  feet  from  the  side  scan  “fish"  (Fig.  1 1).  When  the  output  test  switch 
is  pushed,  a  line  will  appear  between  the  center  of  the  record  and  the  first  scale 
line,  indicating  that  the  transducers  are  transmitting  properly. 

The  output  built-in  tests  must  be  performed  out  of  the  water. 

(11)  Fuses.  The  fuses  are  located  on  the  first  panel  under  the  threaded 
(Fig.  8)  caps. 


In  the  prototype  instrument,  the  fuses  were  located  inside  the  re¬ 
corder  case  near  the  rear.  To  replace  a  fuse,  it  was  necessary  to  remove  the  record¬ 
er  from  its  case  and  turn  it  on  edge.  Placing  the  fuses  on  the  front  panel  is  an  ob¬ 
vious  advantage. 

(12)  Case.  When  all  doors  on  the  front  panel  are  closed,  the  recorder 
case  is  splash-proof.  It  can  be  operated  with  the  cover  on  and  the  record  being 
observed  through  the  window,  or  in  less  severe  conditions,  the  cover  can  be 
removed. 


Three  ventilators  are  provided  in  the  case: 

(a)  Front.  A  fan  is  mounted  behind  the  filter  shown  in  Fig.  6.  It 
draws  cool  air  into  the  case  to  cool  the  electronic  components.  The  filter 
traps  airborne  particles  and  water  and  prevents  them  from  entering  the  case. 
A  metal  louver  (not  shown)  is  placed  over  the  filter  to  protect  it.  The  fan  is 
wired  into  the  power  switch  and  operates  whenever  the  recorder  is  operating. 

(b)  Side.  The  side  vent  arrangement  is  identical  to  that  of  the 
front  with  the  exclusion  of  the  fan.  Air  drawn  in  by  the  fan  is  exhausted 
through  the  side  and  bottom  vents. 

(c)  Bottom.  The  bottom  of  the  case  has  a  hole  approximately  2 
inches  in  diameter.  A  large  baffle  on  the  inside  prevents  direct  entrance  of 
water. 
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ophone  and  recorder  power  cable. 


...  ^ 


As  the  recording  paper  passes,  between  the  helix  blade  and  strip,  a 
small  amount  of  paper  is  scraped  off  the  back.  This  fine  powder  falls  to.the  bot¬ 
tom  of  the  case  and  is  biown  out  through  the  bottom  vent. 

The  two  handles  on  the  front  panel  should  not  be  used  to  lift  the 
recorder.  They  are  provided  to  facilitate  the  removal  of  the  recorder  chassis  from-, 
the  case. 


Two  straps  are  provided  to  assist  in  the  removal  of  the  recorder 
from  the  storage  chest.) 

(13)  =  Recorder  Specifications. 

24  in.  x  31.5  in.  x  12  in. 

1071b  , 

150,300,600  ft  : 

25  fl 

24  volts  DC  . 

7  amps  max. 

■  ,  : 

b.  Pinger  Probe.  The  func’ion  of  the:pinger  probe  (the  sound  source  for 
the  sub-bottom  profiler)  is  to  transmit  a  5-kHz  acoustic  pulse  of  0.4-millisecond  dura¬ 
tion  into  the  sub-bottom  sediment  layers.  The  transducer  assembly  supported  between 
two  fiberglass  foam-filled  floats  (Fig.  4),  consists  of  three  truncated  conical  crystal  trans¬ 
ducers  in  a  line  array.  The  face  of  the  transducers  is  protected  by  a  rubber  pad  approxi¬ 
mately  1  inch  thick.  A  70-foot,  5/8-inch-diametcr  combination  electrical  and  tow  cable 
is  used  to  tow  the  pinger  prdbe.  The  connection  of  the  tow  cable  to  the  pinger  probe  is 
approximately  10  inches  to  the  rear  of  tljc  nose  on  the  outside  of  the  float  (Fig.  4). 
Towing  from  this  position,  the  transducer  will  plane  away  from  the  boat  and  avoid  the 
wake.  The  turbulence" of  the  wake  attenuates  the  outgoing  signal. 

i 

A  kelium  grip  secures  the  cable  to  the  float  to  relieve  the  tension  on  the 
electrical  connectors  at  the  transducer. 


Size 
Weight 
Range  Scales 
Scale  Lines  • 
Voltage 
Current 


The  specifications  are  its  follows: 


Size 
Weight 
Frequency 
Pulse  Duration 
Beam  Pattern 


62  in.,  x  28  in.  x  14  in.  • 
92  lb 
5  kHz 

0.4  millisecond 

30°  x  120°  elliptical  rone 
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e_  HTdra^kwr.  The  function  erf'  iheaiMoUwn  profib  hydrophone  is 
to  receive  the  aonutic  reflect  ions  from  the  bottom  and  sob-bottom  lasers,  transduce 
them  to  electrical  signals,  amplify  these  decimal  <iguk  and  deliver  them  to  the  rr- 
ennkt  for  further  processing  and  display. 

The  hydrophone  consists  of  an  oOTiBed  hose  containing  as  eighi-desaest 
array  of  ceramic,  acceleration-cancelling  crystal  transducers  and  a  preamplifier.  A  70- 
foot  electrical  cable  is  used  to  tow  the  hydrophone  and  connect  it  to  the  recorder. 

A  30-foot  tail  of  H-inch  cord  is  attached  to  the  end  of  the  hydrophone 
and  enhances  the  hydrodynamic  characteristics  of  the  hydrophone.  Loose  knots  can 
be  tied  in  the  tail  to  increase  the  drag  of  the  lad.  The  tail  will  also  help  straighten  the 
hydrophone  and  take  out  the  slight  nine  that  is  caused  by  coiling  it  into  a  storage 

chest. 


The  drag  created  by  the  tail  lifts  the  hydrophone  and  assists  in  counter-  j 

acting  the  sinking  force  of  the  electrical  cable.  This  is  important  when  operating  at 
slow-  speeds  with  the  hydrophone  a  great  distance  behind  the  vessel.  s 

*  J 

l 

; 

An  eight-element  hydrophobe  receives  only  that  signal  which  approach-  j 

<s  it  perpendicular  to  the  long  axis  of  the  array.  Signals  received  parallel  to  the  axis  are 
rejected.  The  hydrophone  is  neutrally  buoyant.  However,  the  weight  of  the  tow  cable  \ 

causes  it  to  sink  when  placed  in  the  water.  ■ 


! 

The  specifications  arc  as  follow s:  j 


Size 

Tail 

Tow  Cable 
Weight 
Bandwidth 
Number  of  Elements 


15  ft  long  x  1  in.  dia. 
30  ft  long  x  %  in. 

70  ft  long  x  fA  in.  dia. 


1 


251b 

450  Hz  to  5  kHz 


Eight 


d.  Side  Scan  Sonar.  The  side  scan  sonar  transducer  (Fig.  4),  called  the  fish, 
has  1 6-inch  long  rectangular  transmit-and-rcccive  transducers  mounted  liehind  blue 
polyurethane  windows. 

Tire  beam  is  approximately  2°  by  40°  (horizontal  and  vertical  width  re¬ 
spectively)  and  is  tilted  down  10°.  The  transmitting  pulse  has  a  frequency  of  105  kHz 
±  10  kHz,  with  a  duration  of  0.10  millisecond. 
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XocwmbbIjt  if  oat&otwi  within  the  tow  mi  fish.  lislh  Shr  runtj(io«i  »<f 
thr  »»««■  seictawn.  thr  lc»dy  at  Ar  fi»h  ffimwif  when  :«Aa*ra>£nA.  Tlir  nwr  srefawB  if 
wd^fctiol  «rfBadrs:!lr  lo  cawr  dr  |%h  5s>  maiefaias  thr  jrofKir  atlifw&r  whn*  tmdfor  tow. 

Tfcf  tail  scctac*  if  Hantcmni  to  thr  !m£t  fcy  shew  screws.  If  the  fiiA  hr- 
cwnrcf  entaaagjed  css  an  otonKtkn.  dr  tad  nil  5reak  Baewt.  avowing  (fee  full  to  finer  it¬ 
self-  The  tail  ftriioe.  cwnttai  to  dr  fiA  by  aiecndLif  retowrercd  with  thrfaiiarf 
snoctaBirs. 


11kb  tire-  lad  section  •qonkf  from  lisr  body.  tir  fish  wiS  bcwne 
very  unstable  and  Ikqnafirof  the  icnord  «fl  Setai onto. 

Thr  jpctifkalkjttr  air  as  faflows: 


Lei^lh 

Diamrirr 

Fin? 

Weight 


52  in. 

4in. 

12  in. 

Approximately  40  lb 


e.  Depressors.  A  depressor  if  a  hydrodynamic  body  ihal  exerts  a  down¬ 
ward  force  at  a  specified  speed  seirral  times  its  rri^il  (fi».  4).  They  are  ut2i zed  with 
the  side  scan  sonar  fish  in  deep  water  to  hold  thr  fish  down.  They-  increase  the  depth 
that  thr  fish  can  reach  with  a  limited  amount  of  cable.  The  effects  of  the  depressor 
are  discussed  in  paragraph  G. 


f.  Test  Hydrophone.  The  test  hydrophone  (Fig.  10)  is  used  with  the 
built-in  test  capability  of  the  recorder  to  test  the  pingcr  probe  and  side  scan  sonar 
transducers  to  determine  whether  or  not  the}'  are  transmitting  at  a  prescribed  level 

(Fig-  II). 


The  test  hydrophone  can  also  Ik*  used  to  determine  the  water  depth  if 
the  suM>ottom  profiler  hydrophone  is  inoperable.  It  can  cither  lie  tied  to  the  profiler 
hydrphone  or  hung  over  the  side  of  the  boat.  The  bottom  will  appear  on  the  record, 
hut  no  penetration  will  lie  achieved. 

g.  Replacement  Parts  Boxes.  The  replacement  PGB.  helix  strips  and 
blades,  light  bulbs,  and  other  spare  parts  are  stored  in  two  metal  cheats  (Fig.  4).  They 
are  taken  on  the  boat  during  a  survey  so  that  repairs  and  maintenance  ran  he  accom¬ 
plished  on  the  vessel. 
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a  Iky*** 


au  Tmamg.  knaynwak.  Ira  tfiry&oy  Cibr  -hi&t  -nraaj  -w>nus  £s&l  •arrtr  trusts 
Ik-  talma  Bw  Locp  cS  iwrf  *>€  tSbr  wafer  amfl  pnopeUWrr  raowr  amfl  fltar&KJVnatK  Rtnramttr  E5br» 
«ma«r  x  idWarfing  Bfer  mnmeifl. 

(1)  SUfewWater.  Tbr  iw&  Aooflfl  ibr  Bwwavfl  ffowtm  (Sbr  E*o»»  <ofl"  Blbr 
Swat  40  that  iS  wraffi  hr  pwwiEiiomofl  sis  firmsil  of  ami  lUHknw  Skr  prnopdBnr  wadfe  amfl  <ocfl 
otf  liar  wafer,  RextomAs  Eafena  m  AaBow  water  ffmoyarattSy  pari,  cap  *r>twr  nix*«r  ftnooa 
SLr  Eaoal.  Tins  as  root  suoaflir  seriiceaf  amfl.  m  sonar  e**s.  nay  scppflv  arflnffiEtiionafl  ia>- 
fwnagSaca  (sec  par^gaye  F)_ 

(2)  Deep  Water.  Tssc  fiA  scat  be  toward  fnow  liar  sterna  or  .-«Sr_  sisaor 
t!  will  he  jBffortiflr  deep  and  sarfsex-  eoesr  will  ml  hr  jtwrftfl. 

Il  La— dfaiwg.  Thr  fiA  A  mid  be  dropped  into  Ihr  water  as  Ao»b  m  Keg. 

11  Sufficient  eaMr  shoefld  be  Srfl  free  It  >  alow  ter  fiA  to  siak  below  the  Lvat:  thru 
the  freamwoUr  i#  paid  out  hand -trier-hand.  If  die  fish  if  launched  with  wac  slack 
Bar  rather  than  bring  lowered  over  the  side,  it  will  not  itrikf  thr  sdr  of  the  «ssd  atf  it 
pitches  and  roll-  in  choppy  seats. 

c.  Cable  Length.  For  optimum  results,  the  fish  should  he  at  a  heigh* 
above  the  bottom  equal  to  20  prreent  of  the  full -range  scale.  The  best  way  to  deter¬ 
mine  this  is  in  reading  the  height  of  the  fish  a  bore  the  bottom  from  the  record  (para¬ 
graph  K)  and  adjusting  the  cable  length  accordingly. 

The  initial  cable  length  should  be  approximately  twice  the  desirrd  depth 
of  the  fish  when  under  way.  When  this  length  exceeds  the  depth  of  water,  the  proce¬ 
dures  outlined  in  the  following  sections  must  be  followed  or  the  fish  will  strike  the 
ocean  bottom. 

d.  Vessel  Maneuvers. 

(1)  Getting  Underway.  When  riir  initial  cable  length  exceeds  the  wa¬ 
ter  depth,  the  fish  should  be  launched  as  described  above.  As  the  cable  is  paid  out. 
the  vessel  should  get  underway  slowly,  and  the  Al'SK  operator  should  walrh  the 
record  to  insure  that  the  fish  does  not  eraic  loo  close  to  the  bottom.  The  speed 
should  he  increased  gradually  until  the  cable  is  out. 


If  deeper  water  is  nearby,  the  Huh  should  be  deployed  in  deep  wa- 
ter  and  moved  into  the  purvey  area  at  cruising  speed. 

(2)  Turns.  When  the  vessel  turns,  the  fish  has  a  tendency  to  move  to¬ 
ward  the  inside  of  the  curve.  Since  it  docs  not  travel  as  fur  as  the  vessel  per  unit 
time,  the  fish’s  speed  decreases,  and  it  sinks  somewhat.  If  the  fish  is  towed  from 
the  bow  or  side  of  a  large  vessel,  it  may  be  in  the  vicinity  of  the  propeller.  There¬ 
fore: 


(u)  Turns  should  be  made  toward  the  side  that  the  fish  is  on  to 
avoid  drawing  the  fish  or  tow  cable  into  the  screw. 

(b)  Turns  should  be  gradual. 

(c)  If  sharp  turns  arc  made,  the  fish  should  be  pulled  up  to  com¬ 
pensate  for  its  sinking. 

When  the  fish  is  towed  from  the  bow  of  a  small  boat  with  a  short 
cable,  the  above  factors  are  not  as  critical  because  the  fish  is  under  the  bow  and 
stays  there  during  turns. 

(3)  Stopping.  If  the  cable  length  is  greater  than  the  water  depth: 

(a)  The  vessel  should  be  slowed  and  some  cable  pulled  in  while 
the  AUSE  operator  watches  the  record  to  insure  that  the  fish  will  not  sink 
and  strike  the  bottom.  When  it  is  evident  that  the  cable  length  is  less  than 
the  water  depth,  the  vessel  may  be  stopped  and  the  remaining  cable  retrieved. 

(b)  If  deep  water  is  nearby,  the  vessel  should  be  moved  to  that 
area  and  stopped  while  the  fish  is  retrieved. 

Before  the  fish  is  pulled  into  a  small  boat,  the  water  inside 
must  be  drained  over  the  side. 

e.  Deep  Water  Deployment.  Depressors  are  provided  to  hold  the  fish 
down  in  deep  water  to  obtain  adequate  coverage  with  a  limited  length  of  cable.  The 
use  and  deployment  of  the  fish  with  the  depressor  follows: 

(1)  Tie  Points.  One  Kellum  grip  is  moved  to  the  mid-point  of  the  cable 
and  the  other  to  a  point  within  3  to  5  feet  of  the  fish.  A  light  line  approximately 
20  feet  long  is  used  to  tie  a  depressor  to  the  Kellum  grip  at  the  midpoint.  The 
second  depressor  is  tied  to  the  Kellum  grip  near  the  fish  with  a  line  approximately 
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10  feet  long.  The  line  should  be  of  sufficient  length  to  allow  the  depressor  to  hang 
below  the  sonar  fish.  If  the  line  is  weaker  than  the  sonar  tow  cable  and  the  depres- 
sor  becomes  lodged  in  an  obstruction,  the  line  will  fail,  allowing  the  fish  to  rise  and 
avoid  similar  obstacles. 

(2)  Launching.  Launching  the  fish  with  depressors  requires  close  co¬ 
ordination  between  the  boat  operator  and  AUSG  operators.  Launching  with  cable 
lengths  greater  than  the  water  depth  requires  particular  attention.  This  operation 
requires  one  boat  operator,  one  AUSE  operator  watching  the  recorder,  and  one  or 
two  AUSE  operators  handling  the  fish  and  depressor.  The  following  procedure 
will  assist  in  the  successful  It  inch  of  the  fish  with  depressors. 

(a)  The  Kellum  grip  should  be  tied  off  at  the  top  end  of  the  cable 
to  a  cleat.  For  safety  purposes,  the  cable  should  be  wrapped  around  a  cleat 
or  capstan  or  tied  off  again  with  a  line. 

(b)  The  depressor  is  lowered  over  the  side  and  the  sonar  fish 
launched  as  described  above.  Cable  is  paid  out  hand-over-hand  until  the  fish 
is  within  25  to  35  feet  of  the  bottom.  The  AUSE  operator  at  the  recorder 
can  make  this  determination. 

(c)  When  the  fish  appears  to  be  within  25  to  35  feet  from  the 
bottom,  the  vessel  should  be  moved  ahead  slowly.  The  record  will  show  that 
the  fish  is  rising  somewhat  (i.e.,  the  bottom  appears  to  drop  off).  More  cable 
can  be  paid  out  and  the  speed  gradually  increased.  As  the  speed  increases, 
the  tension  in  the  cable  will  increase  due  to  the  effect  of  the  depressor.  If 
the  speed  is  increased  too  fast,  the  tension  in  the  cable  will  be  too  great  and 
the  cable  will  be  pulled  from  the  grasp  of  the  men  handling  it. 

If  the  fish  is  not  within  20  to  30  percent  of  the  full  range 
scale  from  the  bottom,  the  vessel  speed  should  be  reduced  until  the  desired 
depth  is  obtained. 

(3)  Recovery.  Recovering  the  fish  with  a  depressor  requires  close  co¬ 
ordination  among  the  crew  members.  If  the  boat  slows  too  much,  the  depressor 
or  sonar  fish  will  strike  the  ocean  bottom.  If  the  vessel  does  not  slow  down 
enough,  the  depressor  will  still  be  exerting  a  downward  force  and  it  will  be  almost 
impossible  to  retrieve  the  fish.  If  deeper  water  is  not  nearby,  „nd  the  procedure 
for  recovery  outlined  in  the  previous  section  cannot  be  used,  the  following  proce¬ 
dure  can  be  used: 
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(a)  The  vessel  should  be  slowed  gradually  to  reduce  the  tension 
on  the  cable. 

(b)  The  fish  should  be  retrieved  while  the  recorder  is  watched  to 
insure  that  the  fish  stays  above  the  bottom.  When  it  is  apparent  that  the 
cable  length  is  less  than  the  water  depth,  the  vessel  should  be  stopped  and 
the  remaining  cable  retrieved. 

2.  Sub-Bottom  Profiler. 

a.  Towing  Arrangement— Hydrophone.  The  hydrophone  should  be  towed 
in  a  location  that  is  free  of  turbulence  and  noise.  Off  the  stern  and  outside  the  wake  is 
usually  the  best  arrangement. 

The  hydrophone  should  be  approximately  3  to  4  inches  under  the  sur¬ 
face;  that  distance  is  one-quarter  of  the  wavelength  of  the  5-kHz  pulse.  If  two  return¬ 
ing  pulses  arrive  at  the  hydrophone  at  the  same  time,  one  directly  from  the  ocean  bot¬ 
tom  and  the  other  reflected  off  the  water  surface,  the  net  effect  will  be  additive  if  the 
hydrophone  depth  is  3  to  4  inches  under  the  surface.  If  the  hydrophone  is  allowed  to 
sink  much  below  the  designated  depth,  the  two  pulses  will  arrive  out  of  phase  and  the 
result  will  be  subtractive. 

In  addition  to  the  apparent  lack  of  penetration  caused  by  a  low  hydro¬ 
phone,  a  second  image  of  the  ocean  bottom  will  appear  slightly  offset  from  the  original 
image. 


The  depth  of  the  hydrophone  is  controlled  by  the  vessel  speed  and  the 
length  of  tow  cable  out. 

b.  Tow  Arrangement— Pinger  Probe.  The  pinger  probe  should  be  towed  in 
a  position  free  of  turbulent  water.  The  transducer  faces  must  remain  submerged  at  all 
times.  If  air  is  allowed  to  pass  under  the  transducer  or  the  pinger  probe  is  pulled  out  of 
the  water  in  rough  conditions,  the  signal  will  be  attenuated  and  none  will  reach  the 
ocean  floor.  The  result  will  be  a  series  of  white  lines  across  the  entire  width  of  the  sub¬ 
bottom  profiler  channel.  Reducing  the  vessel’s  speed  will  keep  the  pinger  probe  from 
being  pulled  out  of  the  water  at  the  top  of  each  wave.  The  pinger  probe  can  be  towed 
inside  the  vessel’s  wake  if  the  wake  is  sufficiently  flat. 

c.  Relative  Position  of  Hydrophone  and  Pinger  Probe.  In  all  cases,  the  hy¬ 
drophone  and  pinger  probe  must  be  positioned  side  by  side.  As  described  above,  the 
hydrophone  rejects  axial  acoustic  energy  and  the  pinger  probe  has  an  asymmetric  lobe 
(30°  x  120°);  therefore,  the  two  transducers  must  be  positioned  as  shown  in  Fig.  13. 
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Fig.  13-  Ilvdrophonr  and  pingrr  probe  portion. 


If  the  jepetalion  between  the  pinpr  probe  znd  hydrophone  exceeds  the 
water  depth,  the  penetration  will  fade  because  less  acoustic  energy  arrives  at  the  hvdro- 
phone.  In  shallow  water,  the  transducers  should  be  towed  dose  to  the  stern  to  reduce 
tFiic  separation  between  the  hydrophone  and  pingcr  probe. 

Where  possible,  the  pingcr  probe  and  hydrophone  should  be  positioned 
on  opposite  sides  of  the  wake.  This  practice  will  break  up  multiples  and  direct  returns 
(paragraph  G)  by  attenuating  the  acoustic  energy  in  the  turbulence  of  the  wake. 

In  shallow  water,  the  pingcr  probe  should  be  pulled  doscr  to  the  stern 
to  reduce  the  separation. 

d.  Deployment  Configurations  for  Vessels  of  Various  Sires.  Thr  deploy¬ 
ment  configuration  of  the  sub-bottom  profiler  can  be  modified  to  accommodate  various 
sires  of  vessels.  The  optimum  arrangement  is  a  combination  of  many  factors,  as  shown 
in  Fig.  14.  The  following  discussion  outlines  the  rationale  behind  the  configurations. 
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(1)  30-Foot  Boats  or  Less.  The  pinger  probe  and  hydrophone  should 
be  positioned  on  opposite  sides  of  the  wake  (Fig.  1 5). 

(2)  30-  to  70-Foot  Vessels.  The  two  transducers  should  probably  be 
towed  on  one  side  of  the  vessel  (Fig.  15).  If  the  wake  is  sufficiently  smooth,  the 
pinger  probe  may  be  towed  behind  the  vessel. 

(3)  100-Foot  Ships.  The  pinger  probe  and  hydrophone  should  usually 
be  towed  on  the  same  side  of  the  vessel  and  forward  of  the  stern  to  avoid  the  wake. 
For  navigational  coordination,  it  is  advisable  to  place,  the  recorder  in  the  wheel- 
house.  The  limited  length  of  cable  available  to  reach  the  wheelhouse  necessitates 
towing  the  transducer  alongside  the  vessel  (Fig.  15). 

e.  Deployment  of  the  Sub-Bottom  Profiler.  The  following  procedure 
should  be  followed  to  deploy  the  sub-bottom  profiler: 

(1)  The  tow  cable  is  tied  off  at  the  appropriate  length  and  the  pinger 
probe  is  placed  over  the  side  of  the  vessel  (Fig.  16).  Care  must  be  taken  not  to 
pull  the  cable  between  the  transducers  and  the  Kellum  grip.  As  the  vessel  moves 
off  slowly,  the  cable  is  paid  out  hand-over-hand.  The  vessel  must  be  moved  slowly 
to  keep  the  pinger  probe  well  aft  and  the  cable  out  from  under  the  vessel. 

(2)  The  hydrophone  is  paid  out  hand-over-hand,  starting  with  the  tail. 
The  tail  or  any  other  part  of  the  hydrophone  must  not  be  thrown  into  the  water. 

It  will  tangle. 

f.  Retrieval  of  the  Sub-Bottom  Profiler. 

( 1 )  As  the  vessel  comes  to  a  gradual  stop,  the  pinger  probe  is  pulled  in 
and  lifted  over  the  side.  Care  must  be  taken  to  protect  the  transducers  and  the 
cable  connections  on  top  of  the  transducers. 

(2)  The  hydrophone  can  be  retrieved  last  because  it  will  hang  straight 
down  and  presents  no  hazard  to  the  vessel’s  propeller  or  rudde  .  The  hydrophone 
is  neutrally  buoyant  but  sinks  under  the  weight  of  the  cable. 

3.  AUSE  Deployment  Sequence. 

a.  The  recorder  is  mounted  in  the  rack  in  the  MSB  shelter  cabin  and  the 
power  cable  connected  to  the  batteries  (Fig.  17). 
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Oceanographic  records  mounted  in  surf  boat. 


b.  The  side  scan  sonar  rack  is  mounted  on  the  stem  and  tied  to  the  cleats 

and  the  fish  is  placed  in  the  rack  and  secured  (Fig.  18).’  ^ 

c.  The  hydrophone  boom  is  mounted  on  the  starboard  rail  (Fig-'  19)  and 
the  hydrophone  and  cable  fed  through  the  eye  in  the  end.  The  boom  swings  toward 
the  tow  and  rests  on  the  gunwale?  when  not  in  use.  The  fixture  is  designed  so  that  the, 
force  of  the  hydrophone  under  tow  holds  the  boo.m  out-to  the  side. 

‘  it 

d.  The  pinger  probe  is  placed  ih  the  stem  on  the  floor. 

;  l 

.  I 

e.  The  cables  are  connected  to  the  recorder. 

*  I  1 

f.  Upon  arrival  at  the  purvey  site;  the  pinger  probe-.is  placed  into  the  water 
and  25  to  30  feet  is  paid  out  as  the  vessel  moves  off. 

i 

I  j  i 

g.  The  hydrophone  is  fed  into  the  water  tail  first.  When  all  the  cable  is  out 
the  boom  is  swung  out  to  the  side. 

h.  The  side  scan  sonar  fish  is  tied  off  (Fig.  20)  and  launched  (Fig.  12). 

Deep  water  deployment  procedures  may  be  necessary. 

i.  In  fairly  calm  eruditions  a  speed  of  6  knouts  yields  good  records!. 

4.  AUSE  Recovery  Sequence. 

a.  If  the  side  scan  sonar  cable  length  is  greater  than  the  water  depth,  the 

fish  is  retrieved  as  the  MSB  slows  as  described  above.  The  fish  is  placed  in  the  rack  on 

.  !  1 

the  stern.  , 

» 

h.  The  pinger  probe  is  pulling  in  while  the  boat  is  moving  ahead  slowly  or 
stopped  with  the  bow  into  the  weather. 

c.  The  hydrophone  boom  is  swung  in  and  the  hydrophone  lifted  out  of  the 

water. 
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Fig.  18.  Side  scum  sonar  ruck. 


Operate*  md 


E. 


I.  Opnln. 


jl  Hariwg  Reconler  m  OptnCitM. 

(1)  After  the  recorder  if  placed  in  the  MSB  and  the  power  colic  if  con¬ 
nected  to  the  batteries.  the  fid  is  lifted  and  propped  up  wish  the  leg. 

(2)  A  roll  of  paper  ii  placed  in  the  paper  compartment  so  that  the 
paper  feed*  off  the  top  of  the  rolL  The  end  of  the  paper  is  drawn  out  of  the  com¬ 
partment  and  dipped  through  the  dot  leadin'  to  the  paper  take-up  compartment 

(R^2I>. 


(3)  The  red  is  taken  from  the  take-up  compartment  and  the  right  end 

removed. 

(4)  The  paper  is  placed  into  the  dot  on  the  red.  The  end  of  the  red 
is  replaced  and  the  red  twisted  three  or  four  times  to  roll  enough  paper  on  to  in¬ 
sure  that  the  paper  will  stay. 

(5)  The  left  end  of  the  red  is  placed  into  the  dot  in  the  paper  take-up 
compartment  and  the  right  end  pressed  into  the  corresponding  bracket. 

(6)  The  power  switch  is  turned  on  and  the  paper  take-up  reel  allowed 
to  take  the  dack  out  of  the  paper.  The  power  switch  is  turned  off. 

(7)  The  thumb  screws  arc  turned  to  maximum  height  and  the  lid 
closed  and  tightened. 

(8)  The  writing  mechanism  is  adjusted  by  turning  on  the  recorder  and 
depressing  and  holding  the  Event  mark.  A  dark  line  should  appear  across  both 
channels.  If  it  does  not.  the  window  in  the  lid  is  opened  and  the  thumbwheel 
turned  until  the  dark  line  appears  across  the  record.  Lowering  the  helix  blade 
more  than  is  necessary  to  cause  even  printing  may  cause  excessive  wear  of  the 
helix  strips  and  blades. 

(9)  The  transducers  are  deployed  and  the  instrument  tuned. 

b.  Tuning.  To  tune  either  the  side  scan  sonar  or  sub-bottom  profiler: 

( I )  The  initial  gain  is  increased  until  the  bottom  appears  on  the  record. 
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(?)  TWr  wpr  a*  imnntawn!  Bo  hem*  is  the  miiddhr  wT  tibr  jnreroctA. 
Thr  matanafl  gw®  if  hxetaeDtA  Bw  lm»  m  the  ocfcrr  t^y  of  dr 


>tEirf  ii  (KKilirif  are  ielfintUldL  it  if  wrcesswy  to  go  fceorf;  |]r  p>- 
ntuScanr  agrira  aesd  readjust  the  gattf  cmtii  a  labtr  if  rtatkd  ad  dbt  «md  if  of  «i- 
fom  rraSrarify.  Crmalk,  dr  •rrood  adjustment  require  dranm*  l  be  initial  s>a 

and  inrntassiiag  the  oicnl  sun  *^dv. 

I  bra  searching  an  area  for  large  oijtdf  with  relief  abm  the  Lotto*. 
(r.».  juriro  tesstfc  or  rock  ou t cropping?),  the  _-»je  fan  sonar  gain  should  be  at  such  a 
lod  that  thr  acoustic  shadow  if  distinct,  but  not  so  high  that  the  detail  is  obscured. 

The  sub-bottom  profiler  ^nn  must  be>  high  enough  to  irerne  returns 
from  all  the  layers  within  the  sub-bottom.  Excessive  gain  will  darken  the  record  and 
obscure  the  sub-bottom  layer  acoustic  signature. 

Sediment  characteristics  change  and  may  require  frequent  nsnor  adjust¬ 
ments  of  gain  to  give  the  best  results. 

c.  Power  Lnd  Setting.  Transmitting  power  depends  on  sediment  diarac- 
t eristics  and  operating  conditions 

(1)  Shallow  Water.  In  water  depths  up  to  50  feet,  both  power  level 
switches  (Fig.  9)  should  be  in  the  OFF  position.  As  the  depth  approaches  approxi¬ 
mately  90  feet,  some  combination  of  the  switches  will  probably  give  the  best  re¬ 
sults  (Table  I). 

(2)  Deep  Water.  In  water  in  excess  of  90  feet,  both  switches  should 
l»c  in  the  ON  position.  This  will  ghc  the  maximum  power  output  ('/^  joule)  and 
compensate  for  attenuation  and  spreading  losses. 

d.  Transducer  Configuration  Adjustments.  The  following  record  phenom¬ 
ena  may  l»e  caused  by  the  transducer  towing  arrangement.  They  may  lie  abated  or 
eliminated  by  executing  the  recommended  adjustments. 

Heeord  Causcsand  Adjustment 

Double  bottom  Hydrophone  too  deep;  vessel  speed  should  be  in¬ 

creased  or  hydrophone  tow  rablc  length  decreased. 
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Camara  sad  AdpataponB 


CbswwtI  Ea  fflownr.  Gnocaad  inutitunKiEj  fowm  power 
ealfic  In>  »rv*H!  snocs cA  pfiz Sec  or  draw  powmr  ffmo»aM 
IttSIrtira  rat  L«nr  Elan  sfcp  pawrr. 

Cobwil  *-«■  nfixmcl  rrtcnsL  Sootod  jww  rSarretSy  fron 

pagrrpnA  lo  SsyAwfiicer.  D»tev!kl««it 

K3ltr«rticrj»]Iiir  sf  Ixiot  tirifitonrlMlKras 
ibf  cr<!  oplieof  xad  pinprr  probe.  The  pwsfflfr  of 
7  dirnr  mini  if  no!  jnioof.  Il  aar  fee  eiiaricaled 
by  redoeing  the  initial  gain. 

Ocean  nwc.  reduce  initial  pan. 

The  pinjtr  probe  if  either  jumping  out  of  the  water 
or  the  transducer  if  being  towed  through  turfeuleuce. 
Air  under  the  transducer  faces  attenuates  the  out¬ 
going  signal.  The  pinger  probe  can  be  moved  out 
cf  the  turbulence  or  the  ve«d  speed  reduced  to 
lessen  the  effect  of  the  surface  conditions. 

Multiples  arc  not  usually  serious  except  when  fhey 
coindde  wilh  sub-bottom  layers.  Multiples  may 
be  reduce*',  by  lowering  the  gain  or  output  power 
!cvd  or  placing  the  transducers  on  opposite  sides 
of  the  wake. 

e.  Side  Scan  Sonar  Adjustment.  Darkness  in  water  is  usually  caused  by 
the  wake  of  the  boat  or  signal  reflecting  off  the  bottom  of  the  vessel.  The  fish  can  l»e 
lowered  or  the  other  channel  can  be  used. 

2.  Maintenance. 

a.  Cleaning  Writing  Mechanism.  The  writing  mechanism  is  the  only  part 
of  the  recorder  that  requires  frequent  maintenance.  Fine  paper  particles  collect  on  the 
helix  strip  and  prevent  the  current  from  passing  between  the  helix  strip  and  blade.  The 
result  is  white  streaks  (parallel  to  the  center  of  the  paper)  which  can  be  removed  with 
a  damp  sponge  as  shown  in  Fig.  22. 


Bno&caa  dark  Sues  across 
concur*!! 

Dark  feara  para Sd  to  amd 

jjast  trader  water  sttrfjior 


Darkness  between  ocean 
bottom  and  surface 

Intermittent  white  streaks 
acr  « record 


Multiple  echoes  of  the  ocean 
bottom 
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Fi*.  22.  Gcaning  the  helix  strip. 


If  the  clearance  between  the  helix  strip  and  blade  is  too  small.  the  paper 
can  lw  damaged  to  the  point  of  causing  holes  in  it.  and  keeping  the  helix  strip  dean  is 
more  difficult.  Proper  clearance  between  the  helix  strip  and  blade  will  minimize  the 
problem. 


b.  Replacing  the  Helix  Strap  and  Blade. 

( I )  If  paper  collects  on  the  helix  strip  frequently  and  the  quality  of 
the  printing  decreases,  it  may  lie  necessary  to  change  the  helix  strip.  As  the  strip 
ages,  parts  of  it  may  become  more  flexible  than  others  and  it  will  be  difficult  to 
adjust  the  helix  blade  height  so  that  it  prints  evenly  without  damaging  the  paper. 
If  the  helix  adjustment  is  correct,  the  helix  strip  should  bo  expected  to  operate 
more  than  50  hours. 
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Both  hdix  strips  must  be  replaced  at  the  same  lime  or  the  problem 
will  be  compounded. 

(2)  If  a  fine  light  line  appears  to  move  diagonally  across  the  record, 
there  may  tie  a  nick  in  the  hdix  blade.  Since  the  hdix  blade  moves  slowly  to  dis¬ 
tribute  wear,  the  nick  will  move  across  the  record.  The  hdix  blade  can  be  fumed 
over  to  diminate  the  problem. 

(3)  A  list  of  the  most  common  problems  and  the  causes  arc  listed  in 

Table  II. 

F.  Record  Interpretation 

1.  Acoustic  Signature  Correlation.  AliSE  was  deployed  over  a  wide  variety  of 
ocean  bottom  and  sub-bottom  composition.  The  acoustic  signatures  on  the  record  were 
correlated  to  the  sediment  core  logs  so  that  general  sediment  types  can  lie  identified 
eventually  by  the  acoustic  signature  without  prior  knowledge  of  the  bottom. 

The  tests  were  conducted  at  the  test  sites  shown  in  Appendix  A. 

Information  on  ocean  bottom  conditions  was  also  used  to  identify  surface 
-onditions  with  the  side  scan  sonar.  The  side  scan  was  also  used  near  known  natural 

and  manmade  features  so  that  thev  can  he  identified  from  the  record. 

✓ 

2.  Side  Scan  Sonar. 

a.  Target  and  Surface  Identification. 

(I)  Read  Record.  Tire  record  is  read  most  easily  with  the  sub-bottom 
profiler  portion  at  the  Irottom  and  the  side  scan  sonar  across  the  top. 

Since  the  datum  line  of  the  side  scan  sonar  channel  represents  zero 
lime,  it  can  he  thought  of  as  the  transducer,  since  the  signal  is  transmitted  from 
the  transducer.  Distances  measured  from  the  datum  tine  represent  the  radial  dis¬ 
tance  from  the  transducer,  not  the  water  surface. 

The  scanning  effect  is  obtained  by  printing  (hr  signals  across  the 
paper  as  lhr\  return.  The  closest  target  will  appear  first  (near  the  inside  of  the 
record)  because  its  reflection  is  returned  first  and  is  printed  at  the  beginning  of 
the  sweep.  Similarly,  the  farther  targets  will  appear  near  the  edge  of  the  record, 
since  they  are  received  near  the  end  of  the  sweep. 


Table  II.  Troubleshooting  Chart 


Problem 


No  signal  return  on  either  channel 
(scale  lines  and  event  mark  present: 
all  PCB  in  place). 


No  signal  returns  on  one  chinnel. 


No  scale  lines 

a.  On  one  channel. 

b.  Both  channels. 

No  event  mark 

a.  On  one  channel. 

b.  Both  channels. 
No  TVG  control. 


No  motor,  no  lights. 

Motor  operates,  no  printing. 
Black  over  entire  record. 

No  printing,  no  scale  lines  on 
starboard  channel. 

No  printing,  noscale  lines  on 
port  channel. 

Persistent  fuse  failure. 


No  scale  lines,  dots  moving  across 
the  record.  Dark  band  at  center 


Cause  and  Solution 

Use  Built-In  Test  to  determine  if  transducers  are  trans¬ 
mitting.  Replace  transducer  driver  cards. 

Insure  that  relay  board  is  tight  or  replace  the  relay 
board  (J6). 

Replace  trigger  board  (J3). 

Apply  input  Built-In  Test.  If  no  response  (light  line), 
replace  sonar  amplifier  board  for  that  channel  (J7,  8, 

9). 

Replace  print  amplifier  for  that  side. 

Check  fuse  for  that  amplifier. 

Replace  trigger/scale  line  generator  card. 

Check  +  15-volt  fuses. 

Replace  print  amplifier  for  that  channel  (J2,  J3). 
Replace  +  15-volt  fuse. 

Cheek  negative  ramp  generator  board.  The  TVG 
switch  on  this  card  must  be  pointing  away  from  the 
operator  for  TVG  to  operate. 

Replace  negative  ramp  generator  board. 

Check  8-amp  fuse  (Fl). 

Check  +  15-volt  fuse(F2). 

Check  -15-volt  fuse  (F3). 

Check  fuse  (F4). 

Check  fuse  (F5). 

Pull  all  PCBs  and  replace  one  at  a  time  to  identify  the 
PCB  that  is  the  source  of  the  problem. 

If  all  PCB  arc  good,  but  fuses  continue  to  fail,  power 
supply  is  the  problem. 

Trigger  lamp  or  helix  drum  is  burnt  out. 


The  ocean  bottom  is  usually  the  first  to  be  printed.  That  bottom 
profile  will  be  the  same  as  that  seen  on  the  sub-bottom  profiler. 

When  the  fish  is  towed  close  to  the  surface,  the  vessel’s  hull  and 
wake  may  appear  as  a  fuzzy  line  between  the  datum  and  the  ocean  bottom. 

(2)  Acoustic  Shadow.  Features  having  relief  above  the  ocean  floor 
block  the  outgoing  beam  so  that  the  area  immediately  behind  the  feature  is  not 
insonified.  This  area  is  called  the  acoustic  shadow  and  appears  as  a  light  area  on 
the  record.  The  outline  of  the  acoustic  shadow  is  analogous  to  the  profile  of  the 
feature  and  may  aid  in  its  identification. 

The  acoustic  shadow  is  used  to  calculate  the  height  of  the  feature 
above  the  ocean  floor.  This  method  is  described  later. 

(3)  Manmade  Objects.  Manmade  objects  such  as  sunken  ships  are  ang¬ 
ular  and  have  an  acoustic  shadow.  Ships  and  barges,  usually  made  of  steel,  leave  a 
dense,  dark  signature. 

Figure  23  shows  auto  bodies  that  were  placed  on  the  ocean  floor 
as  a  fish  haven.  It  is  noted  that:  the  targets  are  a  marked  change  from  the  flat  bot¬ 
tom  around  them;  an  acoustic  shadow  behind  the  auto  bodies  indicates  relief; 
and  the  targets  are  dark  and  small,  indicating  a  highly  reflective,  small  object. 

An  object  such  as  a  piling  (Fig.  24)  will  appear  as  a  dot  and  may 
have  a  parabolic  signature  trailing  behind.  The  parabolic  signature  indicates  that 
the  object  is  small  and  reflects  energy  that  impinges  on  it  from  the  edge  of  the 
beam. 

(4)  Sand  Bottom.  Sand  is  characterized  by  a  light,  smooth,  slightly 
granular  texture.  Sand  has  sufficient  strength  to  form  wavelets  when  acted  upon 
by  current.  Dredge  cuts  or  anchor  drag  marks  will  appear  with  somewhat  well- 
defined  edges.  Figure  25  shows  a  sand  bottom  with  sand  wavelets  and  a  dredge 
cut  with  defined  edges. 

(5)  Mud  Bottom.  Soft  sediments,  rcfeircd  to  collectively  as  mud,  ap¬ 
pear  smooth,  featureless,  and  somewhat  dark.  Mud  does  not  have  sufficient 
strength  to  form  wavelets.  Anchor  drag  marks,  cuts,  or  mounds  will  appear  to 
have  rounded  edges  as  will  the  acoustic  shadows  (Fig.  26). 

(6)  Hock.  Rock  areas  appear  dark  and  coarse  in  tcxtinc  with  discrete 
point  targets  and  acoustic  shadows  behind  each.  Figure  27  shows  a  ky  bottom 


ISLAND  (ABOVE  WATER) 


Fig.  24.  Acoustic  record-Chesapcake  Bay  Bridge-Tumid. 


Fig.  26.  Acoustic  rccord-Thimble  Shoals  Channel.  .Norfolk,  Va. 


adjacent  to  a  sandy  one.  The  rock  bottom  is  rough  in  appearance,  whereas  the 
sand  is  smoother  and  has  small  sand  wavelets. 


Figure  24  shows  the  submerged  portion  of  a  rock  manmade  island. 
Riprap  was  placed  around  the  bridge  pilings  to  prevent  scouring.  The  riprap  shows 
up  as  a  dark  area.  The  acoustic  shadow'  shows  the  rugged  profile  of  the  rock. 

b.  Target  Dimensions. 

(1)  Spot  Size.  A  graphic  recorder  such  as  the  one  incorporated  in 
AUSE  can  display  data  with  details  as  small  as  1/50  inch.  That  is  defined  as  the 
spot  size  and  is  also  the  smallest  detail  that  can  be  detected  with  the  human  eye. 


S  = 


R„ 


Channel  width 


(1) 


where  S  =  spot  size 

Rs=  range  scale  ( 1 50,  300, 600  feet) 

Since  the  width  of  one  channel  on  the  recorder  is  5  inches,  the 
spot  size  for  the  150-foot  range  scale  is 


S  = 


—  inch  x 
50 


150  feet 
5  inch 


=  0.6  feet 


Therefore,  no  detail  less  than  0.6  feet  can  be  displayed  by  the  re¬ 
corder.  The  spot  size  for  the  300-  and  600-foot  scale  is  1.2  feet  and  2.4  feet, 
respectively. 

(2)  Range  Resolution.  Range  resolution  is  the  accuracy  with  which 
the  side  scan  sonar  can  determine  distances  perpendicular  to  the  vessel’s  path. 
Theoretically,  an  acoustic  device  should  have  a  resolution  of  one-half  the  trans¬ 
mitted  wavelength.  Since  the  side  scan  is  a  105-kllz  device  and  the  velocity  of 
sound  in  water  is  approximately  5000  feet  per  second,  the  wavelength  (X)  is 


x  _  5000  fps 
105,000  Hz 


0.05  feet 


Therefore,  the  theoretical  resolution  is  0.025  feet.  Since  this  is 
lest,  than  the  spot  size,  the  resolution  is  considered  equal  to  the  spot  size.  The 
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spot  size  of  the  recorder,  not  the  wavelength  of  the  transmitted  frequency,  is  the 
limiting  factor  of  the  resolution  of  the  equipment. 

The  range  resolution  depends  on  the  range  scale  and.  to  some  ex¬ 
tent.  the  -Jrgct  strength,  and  is  independent  of  the  distance  to  the  target  or  the 
vessel’s  speed. 


'flic  definition  of  the  edges  of  the  target  could  be  in  error  as  much 
as  xh  X  on  both  the  near  and  far  edges  of  the  target  as  discussed  above.  The  distance. 
X.  must  lie  subtracted  from  the  recorded  image  to  give  the  true  dimension.  Since 
the  spot  size  is  the  controlling  factor  rather  than  the  wavelength,  the  spot  size  is 
subtracted  from  the  recorded  dimension. 


I) 


r 


(2) 


where 


I)r  -  true  range  dimension  of  the  target  (feet) 

I  =  dimension  of  the  image  on  the  record  (inches) 
R  -  range  scale 

S  =  spot  size  (Table  III) 


The  quantity  (-^)  is  called  the  range  scale  conversion  factor  and  is 
used  to  convert  the  dimensions  on  the  record  to  the  true  length  of  the  target. 

'I’he  spot  size  is  small  and  can  be  deleted  from  the  calculations  in 

many  cases. 


Table  III.  Spot  Size  and  Paper  Rate 


Range  Seale 

Spot  Size 

Paper  Rate 

K,  0  0 

S  (ft) 

R){  (in./ min) 

1 50 

0.6 

5.0 

300 

1.2 

2.5 

600 

2.4 

1 .  j5 
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(3)  Angular  Resolution.  Angular  resolution  refers  to  the  determination 
of  target  dimensions  parallel  to  the  path  of  the  vessel.  It  is  a  function  of  l>cam- 
width,  target  strength,  and  vessel  speed. 

The  beamwidth  (actually  a  combination  of  the  transmit  and  receive 
bcamwidths)  is  considered  to  he  1°  wide  horizontally  with  a  3-dccibcl  decline  at 
!4°  to  cither  ride  of  the  center  of  the  beam.  A  strong  target,  one  that  reflects  much 
of  the  energy  that  impinges  upon  ii.  will  return  energy  from  the  edges  of  the  beam 
(outside  the  1^°,  3-dccibcl  limit),  whereas  a  weaker  target  will  not.  The  target  will 
appear  to  be  larger  than  it  actually  is.  Gains  should  be  kept  low  to  minimize  the 
effect. 


A  1°  beam  will  widen  as  it  travels  from  the  transducer,  as  shown  in 
Fig.  28.  Some  energy  is  reflected  back  to  the  transducer  after  the  center  of  the 
beam  has  passed  the  object.  Therefore,  the  object  will  appear  to  be  larger  by  one- 
half  of  a  beamwidth  at  each  end. 


The  true  size  of  the  target  will  be 


Da  =  I  -  B  (3) 

where  Da  =  true  dimension  in  the  direction  parallel  to  the 
direction  of  the  vessel’s  travel 

I  =  image  dimension 

B  =  beamwidth  (see  Fig.  28). 

The  angular  scale  conversion  factor  is  derived  using  the  basic  equa¬ 
tion  of  linear  motion  rate  multiplied  by  time  is  equal  to  distance. 

The  rate  at  which  the  transducer  moves  past  a  target  is  equal  to 


where 


V  =  velocity  of  the  vessel  over  the  ocean  floor. 

D 

Lg  =  length  on  the  ground  traversed  in  time,  t. 
t  =  time. 

The  same  area  is  recorded  on  the  recorder  chart. 
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BEAM  WIDTH  (FEET) 

Fig.  28.  Beamwidth. 

Therefore, 

Rrt  =  Lr 

Rr  =  rate  at  which  the  paper  moves  out  of  the  recorder  (Table  III). 

Lr  =  length  on  the  record  traversed  in  time,  t. 

Since  AUSE  is  a  real-time  instrument,  the  times,  t,  in  the  equations 
are  set  equal  to  obtain  a  ratio  between  the  actual  target  size  and  the  recorded  tar- 


The  term  is  the  angular  scale  conversion  factor.  Substituting  the  above  factor 

Rr 

into  equation  3, 


Da  =  K 
a  r  Rr 


To  detect  targets  at  a  great  distance  from  the  vessel,  it  is  advantage¬ 
ous  to  decrease  the  vessel’s  speed  so  that  the  smaller  targets  arc  printed  larger  than 
they  would  he  at  a  greater  speed. 


If  a  target  is  so  small  that  only  one  pulse  is  reflected  from  it,  it  will 
appear  as  a  dot  on  the  record.  Only  its  presence,  rather  than  its  dimensions,  can 
he  determined. 


(4)  Oblique  Dimensions.  The  dimensions  of  targets  lying  oblique  to 
the  vessel’s  path  must  be  calculated  by  resolving  the  target  dimensions  into  com¬ 
ponents  in  the  range  and  angular  directions  and  obtaining  the  vector  sum.  This  is 
necessary  because  two  time  scales  are  present  on  the  perpendicular  directions  of 
the  record.  Referring  to  Fig.  29, 


WT  =  W ,  +  W  2 


where  LT,WT  =  true  length  and  width,  respectively 

L, ,  W,  =  length  and  width  components  perpendicular  to  the 
vessel’s  path  (angular  direction) 

L2 ,  W2  =  length  and  width  components  parallel  to  the  vessel’s 
path  (range  direction) 
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SHADOW 

Fig.  30(a).  Relief  of  a  target  above  the  ocean  floor. 

R  =  distance  to  the  target  on  the  record  (inches) 

H  =  height  of  the  transducer  above  the  bottom  of  the  record  (inches) 

Applying  the  range  scale  conversion  factor  to  equation  7, 

-&)(!-») 

where  the  height  of  the  target  (h)  is  in  feet. 

The  height  of  targets  at  an  oblique  angle  to  the  vessel’s  path  can  be  j 

determined  in  ihe  following  way. 

Figure  30(b)  represents  one  channel  of  a  side  scan  sonar  record, 
showing  a  target  at  an  ai  le  to  the  vessel’s  path.  The  height  of  the  target  is  calcu¬ 
lated  as  follows: 

Using  equations  5,  6, 8, 
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r  =  r,  +  r2 


CENTER  OF 
RECORD 


Fig.  30(h).  Relief  of  oblique  target. 

(6)  Lateral  Distance.  The  distances  measured  on  the  record  perpendicu¬ 
lar  to  the  centerline  are  radial  distances  from  the  transducer  to  the  target.  The 
lateral  distance  from  a  point  on  the  ocean  bottom  directly  below  the  transducer  to 
the  target  is  calculated  in  the  following  manner. 

Referring  to  Fig.  3 1 , 

dr2  =  II2  +  dL2 

dL  W  (II) 
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dL 


Fig.  31.  Radial-lateral  distance  relationship. 


where  dL  =  lateral  distance  from  a  point  on  the  ocean  bottom  below 
the  transducer  to  the  target. 

H  =  height  of  the  transducer  above  the  ocean  bottom  as  measured 
from  the  record  (inches). 

df  =  radial  distance  to  the  farthest  point  of  the  target  on  the 
record  (inches). 

Applying  the  range  scale  conversion  factor  to  equation  11, 


dL=[Vv-H’](|-s) 


(12) 


The  relationship  between  the  radial  and  lateral  distances  is  shown 
in  Fig.  32.  It  is  noted  that  the  difference  between  the  two  distances  is  small  when 
tin'  transducer  is  close  to  the  ocean  floor. 


c.  Transducer  Depth  and  Water  Depth  Measurements.  The  centerline  of 
the  record  represents  the  transducer  where  the  signal  originates.  Since  the  fish  is  not  at 
the  surface,  the  centerline  does  not  represent  the  water  surface  as  it  does  for  the 
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^ulhliolloin  profiler.  Since  llic  ocean  bottom  directly  under  the  transducer  is  the  clos¬ 
est  target,  it  is  the  first  to  lie  printed.  The  height  (II)  of  the  transducer  alnnc  the  ocean 
floor  can  therefore  !#*  measured  from  the  record  as  shown  in  Fig.  33. 


RECORD 

fig.  33.  Height  of  side  scan  sonar  fish  above  the  ocean  bottom. 


When  the  side  scan  sonar  fish  is  towed  under  thr  boat,  the  signal  will  re¬ 
flect  off  the  hull  and  wake  of  the  vessel  and  appear  on  the  record. 


Referring  to  Fig.  33.  T  is  the  depth  of  the  transducer  below  the  surface. 
The  sum  of  II  and  T  is  the  water  depth.  Applying  the  range  scale  conversion  factor. 


/  K  \ 

Water  depth  -  (T^ll)  - 


This  figure  can  be  cheeked  with  the  water  depth  obtained  from  the  sub 
iolloia  profile r_ 


3.  Sub- B&Hcm  Profiler . 


x  ResoSulioo.  The  of  the  sub-bottom  profiler  «• 


3V00(p> 

X - —  -  S  ft. 

jOTI  e-p;. 


The  theoretical  resolution  is  equal  to  one-half  the  wavelength,  or  0.5 
feet.  Because  of  the  limitations  discussed  above,  the  actual  resolution  is  equal  to  the 
spot  size  of  the  records  (Table  ID).  , 

b.  Multiple  Reflections.  A'multiple  reflection  occurs  when  the  signal  trans¬ 
mitted  by  the  pinger  probe  reflects  back  and  forth  between  the  ocean  bottoip  and  the 
water’s  surface  several  times  before  being  received  at  the  hydrophone.  Since  a  pulse 
traveling  that  path  requires  two,  three,  or  more  times  longer  to  reach  the  hydrophone 
than  a  pulse  reflecting  from  the  ocean  bottom  and  going  directly  to  the  hydrophone, 
the  signature  of  ocean  bottom  will  appear  several  times  on  the  record.  Each  is  called  a 
multiple  because  it  is  located  at  a  distance  from  the  water  surface  equal  to  an  even  mul¬ 
tiple  of  the  water  depth.  The  presence  of  multiples  is  of  no  concern  unless  the  water  is 
so  shallow  that  the  multiples  coincide  with  sub-bottom  layer  signatures.  Multiples  may 
be  eliminated  by  placing  the  pinger  probe  and  hydrophone  on  opposite  sides  of  the 
wake  so  'hat  the  turbulence  will  attenuate  the  pulses  that  reflect  on  the  water’s  surface 
between  the  pinger  probe  and  hydrophone. 

t 

c.  Direct  Returns.  A  direct  return  is  produced  by  a 'pulse  traveling  directly 
lietwcen  the  pinger  probe  and  hydrophone  without  reflecting  off  the  ocean  bottom.  It 
appears  as  a  line  parallel  to  and  just  below  the  water's  surface  on  the  record.  This  line 
represents  twice  the  distance  between  the  pinger  probe  and  the  hydrophone.  It  can  be 
used  in  the  calculations  to  determine  the  actual  water  depth  from  the  sub-bottom  pro¬ 
filer  record. 

d.  Water  Depth  Determination.  A  pulse  from  the  sub-bottom  profiler  can 
lie  thought  to  follow  the  path  shown  in  Fig.  34.  The  water  depth  indicated  on  the 
record  (dj)  is  somewhat  greater  than  the  actual  depth  (a).  Using  the  equation 


the  actual  water  depth  is  equal  to 

d  = 


»  iwre  Sp  j.  ihr  In  dropbune-pseger  prole-  srparatson. 


Fig.  34.  Effect  of  transducer  separation  on  recorded  water  depth. 

If  the  separation  of  the  hydrophone  and  pinger  probe  is  taken  from  the 
record  (i.e.,  direct  return),  the  above  equation  becomes 


Figure  35  shows  the  effect  of  separation  on  the  indicated  wacr  depth, 
e.  Identification  of  Sub- Bottom  Sediment  Layers. 

( I )  Descriptions  of  Acoustic  Signatures  of  General  Sediment  Types, 
(a)  Sand. 

L  A  sand  bottom  is  a  dark,  thin  line  with  even  light  h «mn 
underneath. 

1.  Tbe  fsr*t  multifile  s  a  4iarp  I  me.  Itreau-e  sand  »*  a 
rrfler|#«r.  ihrrr  tan  be  taotre  than  one  cmJSipVr. 

X  \  >atd  sai>iwll«sa  Inn  ajipejo  a-  a  dark,  sharp  be 

(■" 


Sp  -  HYDROPHONE-PING 
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4.  A  silty  sand  bottom  appears  as  a  dark  sharp  line  with  a 
light  granular  area  underneath. 

(b)  Mud. 

]_.  A  mud  bottom  is  characterized  by  a  diffuse  line.  The 
area  under  the  bottom  is  dark  and  there  is  no  apparent  distinction  be¬ 
tween  the  ocean  bottom  and  the  area  immediately  underneath.  The 
acoustic  signature  of  mud  may  he  considered  a  “volume”  reflection 
rather  than  a  surface  reflection. 

2.  A  mud  sub-bottom  layer  appears  the  same  as  a  mud 

bottom. 

(c)  Gay.  A  clay  bottom  or  interface  appears  as  a  dark  line  much 
the  same  as  a  sand  bottom.  The  area  immediately  under  the  clay  bottom  line 
will  be  somewhat  darker  than  the  area  immediately  under  a  sand  bottom  line. 

(d)  Rock.  A  rock  bottom  appears  rough  and  irregular.  The  area 
under  the  bottom  is  dark  and  there  is  no  apparent  penetration. 

(e)  Coral. 

]_.  The  acoustic  signature  of  coral  head?  is  the  same  as  rock 
on  both  the  sub-bottom  profiler  and  the  side  scan  sonar.  Coral  occurs 
in  specific  areas  where  rocks  are  ~.,t  usually  present.  The  coral  in  some 
areas  is  so  hard  that  it  is  marked  as  rock  on  nautical  chart. 

2.  Some  coral  areas  appear  the  same  as  compact  sand.  Since 
the  ERA  can  be  deployed  successfully  in  cither,  there  is  no  need  to  dis¬ 
tinguish  between  the  two. 

(2)  Qualitative  Distinction. 

(a)  Because  sand  is  a  good  irfleetor  of  acoustic  energy,  the  sub- 
bottom  Hifrrfaio  under  sand  wifl  not  appear  to  be  strong. 

(b)  Because  mud  transmits  acwuftie  energy  well,  the  nub-bottom 
interfaces  under  mud  will  appear  t<>  be  s Irons. 


(•  )  VS-Jbplc  rrflerir.ua*-  ««f  bottom  sediment  are 


1_.  Sand-sharp  line  with  several  multiples. 

2.  Mud— diffuse  line  with  .dark  area  underneath.  Generally 
not  more  than  one  multiple. 

3.  Clay— sharp  line  with  dark  area  underneath. 

4.  Rock-pronounced  first  multiple. 

(3)  Sub-Bottom  Sediment  Identification  Chart.  The  above  descriptions 
have  been  organized  in  chart  form  and  apnear  in  Fig.  36.  The  chart  is  entered  at 
the  top  and  the  appropriate  lines  followed  in  accordance  with  determinations  made 
while  analyzing  the  sub-bottom  profiler  records. 

G.  Engineering  Design  Tests. 

AUSE  was  tested  at  a  number  of  sites  on  the  east  coast  of  the  United  St-'cs.  A 
detailed  discussion  of  each  test  would  not  he  useful,  but  the  pertinent  points  of  these 
test  .low-. 

1.  Modification  to  Circuitry.  During  the  operator  training  course  and  tests  in 
the  Chesapeake  Bay  mouth,  it  was  noted  that  the  acoustic  signatures  appearing  on  the 
record  were  printed  as  a  series  of  fine  lines  close  together  rather  than  one  wider  line. 
Although  this  is  advantageous  in  detecting  fine  details  in  the  stratigraphy,  it  lessens  the 
operator's  ability  to  identify  general  sediment  types. 

The  circuitry  of  AUSE  was  modified  to  give  the  desired  width  of  acoustic 
signature.  A  potentiometer  was  added  to  the  circuit  so  that  the  appearance  of  the  sig¬ 
nature  could  be  altered  for  a  geophysical  survey,  for  example,  where  detail  is  desired. 
Extreme  care  must  be  exercised  in  reluming  the  potentiometer  to  the  proper  setting  or 
the  interpretation  of  the  recorder  over  bottoms  where  no  previous  sub-bottom  informa¬ 
tion  exist'  will  be  difficult. 

2.  Depressor  Test.  The  effects  of  the  depressor  on  the  side  scan  sonar  trans¬ 
ducer  were  d*  termined  during  a  test  at  Key  West.  Florida. 

The  tide  scan  sonar  transducer  was  deployed  on  1 20  fret  of  cable  without  a 
depressor.  \!  speeds  of  5  to  7  knots,  the  ratio  of  the  side  scan  transducer  depth  to  the 
water  depth  ts  approximately  0.1.  The  addition  of  a  depressor  a*  the  midpoint  of  *jie 
rati*-  and  <«r  at  thr  transducer  inmafes  I  be  ratio  to  approximately  02!  to  0.4.  There 
foce.  tie-  depth  «»f  the  <s«Jr  scan  fisb  can  he  iaerratcd  from  two  to  four  times  w  ith  a 
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depressor.  Decreasing  the  vessel’s  speed  will  increase  the  ratio  in  addition  to  the  figure 
cited  above. 

At  5  to  7  knots,  the  cable  tension  was  approximately  150  to  175  pounds. 

The  weight  of  the  transducer  and  depressors  in  water  is  approximately  60  pounds. 

3.  Shipping  Chests.  Military  Standard  wooden  shipping  chests  for  the  equip¬ 
ment  were  supplied  by  EG&G  under  the  terms  of  the  contract.  Shock  and  vibration  tests 
were  to  be  performed  on  the  chests  to  determine  their  ability  to  protect  the  equipment. 

The  side  scan  sonar  and  pinger  probe  chests  were  so  weakened  by  air  freight 
shipment  to  several  EDT  sites  before  the  test  that  they  were  not  tested  for  fear  that  the 
equipment  might  be  damaged.  The  recorder  chest  was  tested  by  Associated  Testing 
Laboratories.  Inc.,  Burlington,  Massachusetts,  and  sustained  minimal  damage.  The  re¬ 
corder  appjared  to  sustain  no  damage. 

The  handles  on  all  three  chests  were  not  of  the  spring-loaded  type  (the  type 
specified  by  the  contract)  and  most  had  been  pulled  off  during  shipment  and  were  miss¬ 
ing  at  the  time  of  the  test. 

4.  Motor  Surf  Boat  Leakage.  During  all  EDT  conducted  in  rough  and  windy 
conditions,  water  leaked  into  the  shelter  cabin  of  the  MSB  through  the  ocean  between 
the  gunwales  and  the  shelter  cabin  and  through  the  hatch.  While  this  condition  docs 
not  limit  or  eliminate  the  operation  of  the  equipment,  it  docs  detract  from  the  comfort 
of  the  operator. 

H.  Survey  Procedures 

1.  Tactical  (Normal).  A  tactical  survey  (norma!)  is  a  survey  {jerformed  in  sup¬ 
port  of  the  Multi-Ix*g  Tanker  Mooring  System  for  which  sufficient  time  is  available  to 
perform  all  steps  of  the  survey  thoroughly. 

a.  Goncept. 

(1 )  Side  Scan  Sonar  Survey.  The  large  area  offshore  from  the  beach 
head  ( Fig.  37)  will  l»e  surveyed  with  the  side  -can  sonar  (6004*h»I  scale)  to  locate 
ant  iuizard-  to  uawzation  in  the  mooring  or  its  approa.  ho.  Approximately  45.000 
feet  of  irran  l«o!Iom  will  be  sinexrd.  \t  a  sj»ccd  of  3  knot.-,  the  -urvex  will  re¬ 
quire  approximately  |J»  hour-  to  complete. 

(2)  Sub-Bottom  Profiler  Survey.  If  the  area  t-  free  of  ol*-iru«-t»on-.  j 

-null  p»*rtl*«JI  of  tile  area  ej»*~r-t  to  -!n>[r  (.  surveyed  III  detail  Willi  the  -ui»  ltoftom 
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profiler.  This  is  the  area  where  the  Multi-Leg  Mooring  System  will  be  deployed. 
The  time  required  for  this  survey  is  approximately  25  minutes. 

(3)  Position  Control.  An  AN/PPS-5  radar  set  onshore  plots  the  course 
of  the  Motor  Surf  Boat.  The  radar  operator  will  radio  course  corrections  to  the 
MSB  operator  to  insure  that  the  boat  remains  on  course. 

Sir  t  the  AN/PPS-5  radar  set  is  a  range-azimuth  type  instrument, 
the  operator  must  read  both  the  range  to  the  MSB  and  the  angle  between  the  MSB 
and  some  arbitrary  baseline.  The  rate  at  which  readings  can  be  taken  (i.e.,  the  po¬ 
sition  plotted)  can  be  increased  by  using  a  radial  survey  layout  in  which  the  MSB 
travels  along  a  given  azimuth  line.  The  radar  operator  must  determine  only  the 
range  from  the  radar  set  to  the  MSB  and  give  course  corrections  as  necessary  if  the 
MSB  deviates  from  the  azimuth  line. 

Once  a  minute,  the  position  of  the  MSB  is  marked  with  a  number 
on  the  plotting  board  a:id  that  number  radioed  to  the  MSB.  The  event  marker  on 
the  recorder  is  depressed  and  the  number  noted  on  the  margin  of  the  record  next 
to  the  event  mark  line.  A  direct  correlation  is  thereby  established  between  a  fea¬ 
ture  on  the  record  and  its  position  on  the  ocean  bottom. 

b.  Survey  Site  layout.  The  dimensions  and  layout  of  the  survey  site  are 
follows  (Fig.  37). 

(1)  Seaward  Boundary.  The  seaward  boundary  of  the  survey  site  is 
defined  as  the  120-foot  water  depth  contour  or  5000  feet  from  shore,  whichever 
occurs  first. 


The  1 20-foot  depth  limit  is  the  maximum  practicable  operating 
depth  of  the  scuba  divers  who  are  essential  participants  in  the  deployment  of  the 
Multi-Leg  Tanker  Mooring  System.  The  5000-foot  limit  is  the  maximum  distance 
off— bore  that  can  lie  reached  b\  the  tactical  pipeline  that  will  service  the  tanker. 

(2)  Vear-Shore  Boundary.  The  near-shore  boundary  is  the  25-foot 
wat«T  depth  « untour.  Studies-  have  shown  that  depth  to  occur  at  an  average  of 
1020  feel  off-horc  from  the  l>eaebe>  under  consideration  for  mililarv  operations. 

(3)  ~  idlh.  The  u  idth  of  the  entire  survev  -j|e  i*.  equal  to  the  length 
of  tie-  adjacent  l«-a«  hliead.  '-linin'  i'avc  -houri  tliat  t!>e  average  length  of  the 
le-a.ln-'  under  oui'ideratiou  i-  1.2  mile*. 


71 


(4)  Mooring  Area.  The  smaller  area  that  is  surveyed  in  detail  with  the 
sub-bottom  profiler  is  a  rectangle  of  1700  feet  by  800  feet.  This  area  should  be  as 
close  as  possible  to  the  near-shore  boundary,  but  it  may  be  placed  anywhere  with¬ 
in  the  survey  area  to  obtain  the  desired  bottom  and  sub-bottom  conditions. 

(5)  Side  Scan  Sonar  Survey  Layout. 

(a)  Side  Scan  Sonar  Search.  The  survey  lines  should  be  approxi¬ 
mately  10°  apart  (Fig.  37).  This  will  allow  a  200-foot  overlap  of  the  records 
of  two  adjacent  lines  at  the  boundaries  and  full  overlap  near  the  bottom  and 
center.  The  MSB,  therefore,  can  deviate  1 00  feet  in  opposite  directions  on 
adjacent  lines  and  full  coverage  will  be  maintained. 

(b)  Sub-Sottom  Profiler.  To  obtain  a  high  concentration  of  sub¬ 
bottom  composition  information,  the  survey  lines  should  be  approximately 
200  feet  apart  at  the  farthest  point.  Following  azimuth  lines  approximately 
5°  apart  will  provide  adequate  spacing. 

c.  Data  Mapping.  For  ease  of  planning  and  quick  reference,  the  informa¬ 
tion  obtained  from  the  surveys  can  be  marked  on  the  plotting  board  used  by  the  radar 
operator. 


(1)  Side  Scan  Sonar.  AH  obstructions  detected  by  the  side  scan  sonar 
will  probably  be  of  two  types  md  should  be  marked  accordingly: 

(a)  Navigational  Hazards.  Obstructions  of  sufficient  size  to  dam¬ 
age  a  vessel  should  be  marked  and  the  clearance  over  them  noted. 

(b)  Debris.  Areas  of  debris  and  rocks  should  be  noted  so  that 
EEA  will  not  be  fired  or  the  pipeline  installed  in  that  area. 

(2)  Sub- Bottom  Profiler.  As  the  records  are  interpreted,  points  on 
each  survey  line  where  satisfactory  sediments  are  not  at  least  12  feet  deep  should 
Ik*  marked.  After  all  the  records  have  been  interpreted,  a  line  can  be  drawn 
through  all  the  points  and  the  area  of  inadequate  sediment  conditions  enclosed 
and  marked 

2.  Tactical  (Hasty).  \  .'artiraj  survey  (hasty)  is  a  ^urvrv  performed  in  support 
of  the  Multi-leg  Tanker  M<*ortng  >vstrm  in  which  lime  requirement*  <«r  adverse  rjrrum- 
*!ane^*  have  dictated  that  a  complete  sjnn  not  lie  performed  initialiv  and  that  eon 
*lrueli««n  Itejjn  immediateh  . 


a.  Concept.  In  a  situation  where  the  shortage  of  time  is  critical,  the  side 
scan  sonar  survey  can  be  delayed  or  foregone  entirely  and  the  actual  mooring  site  sur¬ 
veyed  with  the  sub-bottom  profiler  and  side  scan  sonar. 

There  arc  inherent  risks  in  this  method  since  nothing  is  known  about 
the  area  outside  the  actual  mooring  site,  and  it  is  possible  that  a  subsequent  side  scan 
survey  might  limit  or  eliminate  the  site. 

b.  Survey.  The  survey  is  conducted  by  following  the  lines  in  the  smaller 
area  in  Fig.  37..  The  area  that  the  MSB  has  not  yet  entered  should  be  printed  on  the 
side  scan  sonar.  This  is  accomplished  by  setting  the  Mode  Switch  at  the  beginning  of 
each  line  so  that  the  side  scan  sonar  is  “looking”  toward  the  position  of  the  mooring 
site  that  has  not  yet  been  surveyed.  This  procedure  will  warn  the  MSB  operator  of 
hazards. 


Position  control  and  data  mapping  procedures  arc  the  same  as  above. 

3.  General  Side  Scan  Sonar  Search  (Administrative  or  Non-Military).  Described 
below  is  a  general  proci  dure  that  can  be  followed  when  the  side  scan  sonar  is  deployed 
in  a  non-tactical  situation  (e.g.,  Engineer  Districts).  It  is  assumed  that  a  commercial 
range-range  radar  positioning  system  is  used  and  that  a  rectangular  survey  grid  is  there¬ 
fore  in  order. 

In  searching  for  a  medium  size  object  (e.g.,  sunken  boat),  the  300-foot  or 
600-foot  scale  may  be  used.  Since  the  transmitted  beam  is  narrow  close  to  the  trans¬ 
ducer.  it  would  be  possible  to  miss  a  medium  size  target  located  within  the  inner  one- 
third  of  the  record.  To  provide  100  percent  coverage  and  insure  that  the  target  will  not 
be  missed,  the  survey  lines  should  be  parallel  and  alternately  spaced  1000  feet  and  200 
feet  apart  (for  the  600-foot  scale).  This  provides  overlapping  beam  patterns  in  the  inner 
one-third  of  the  record  (Fig.  38). 

I.  AUSE  Operator  Training  and  Utilization 

I.  Operator  Training  Course.  A  training  course  was  conducted  by  EG&G  to  in¬ 
struct  enlisted  Soils  Analysts  (MOS  51 G)  in  the  use  of  AUSE  and  assess  their  ability  to 
operate  the  equipment  and  interpret  the  records. 

Two  Soils  \nalvsls  wen-  detailed  to  USAMERDC  from  the  l .  S  Army  Engi¬ 
neer  School  Brigade  for  the  training  eour.-e  and  used  on  an  intermit  lent  l«a.~b  thereafter. 
Bc«aie-c  of  a  troop  ►*renglh  reduction  !>eing  imp«»sed  at  Dial  time,  difficulty  was  encoun 
tcred  in  obtaining  the  de-ired  numlwr  of  Soils  Analysts  with  a  varies*  of  l«aekgr<»und-. 
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Fig.  38.  General  side  scan  sonar  search  pattern. 


The  educational  level  was  somewhat  higher  than  the  typical  Soils  Analysts  who  might 
be  trained  to  operate  the  equipment. 

The  manual  writer  responsible  for  the  compilation  of  the  technical  manual 
for  the  AUSKaiso  participated  in  ihe  training  course. 

a.  Training  Course  Structure.  Thr  training  course  was  intended  to  be  ap¬ 
proximately  10  days.  It  was  found  that  only  6  to  7  days  were  nrec.ssarx  to  rm  .-r  the 
materials  thoroughly  but  without  repetition. 

\ppro\imaleh  2  day  -  »>rr  spent  familiarizing  the  -Indent  with  the 
equipment  and  explaii-mg  the  funelmn  of  the  eon  I  rob.  The  next  3  da\  -  were  -jH-nt  m 
"hand~-on  tiaining  -<•  that  the  -Indent  eould  benefit  fr<»ni  <q*erating  the  equipment  <«i 
a  \ew|.  f  tuon;  a  -ee«»nd  eja—  -*--S»oJ«.  -peeifu  que-ljoil-  were  addre—ed  and  the 
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fundamentals  reemphasized  and  expanded  in  light  of  the  shipboard  experience.  The 
course  outline  is  shown  in  Appendix  F. 

■i  .  . 

Alternate  classroom  and  shipboard  training  sessions  were  useful  because 
it  was  found  that  the  students  understood  the  equipment  much  better  after  operating  it. 

i 

b.  Conduct  of  the  Training  Course.  The  classroom  portion  of  the  training 
course  was  held  at  the  Environmental  Equipment  Division  of  EG&G  tn  Waltham,  Massa¬ 
chusetts,  where  classroom  and  laboratory  facilities  were  made  available.  A  test  tank 
filled  with  water  of  standard  salient  was  used  to  demonstrate  some  aspects  of  the 
equipment.  ,  i 

The  shipboard  portion  of  the  training  course  was  conducted  aboard  the 
motor  yacht  Sea  Legs  out  of  Marblehead,  Massachusetts.  Records  were  taken  in  Salem 
and  Boston  Harbors  and  along  the  coast  between  Boston  and  Gloucester,  Massachusetts. 
A  variety  of  ocean  bottom  and  sub-bottom  conditions  are  available  in  these  areas.  Pene¬ 
trations  in  excess  of  100  feet  were  obtained  on  the  softer  bottoms  in  that  area.  The 
side  scan  sonar  detected  extensive  rock  bottoms.  1 


The  side  scan  sonar  transducer  was  lost  one-half  nautical  mile, off  Glou¬ 
cester  in  75  feet  of  water  (42°  35.07'N,  70°  38.2'W).  Lobster  traps  arc  tied  together  in 
groups  of  15  to  20,  and  the  end  traps  marked  with  a  buoy  and  line.  A  marker  buoy  line 
apparently  became  wrapped  around  the  side  scan  sonar  transducer  tow  cable  and  the  ex¬ 
treme  weight  of  the  traps  caused  the  cable  to  fail.  The  record  shows  that  the  fish  was 
pulled  down  just  before  the  cable  failed.  A  diver  from  Gloucester  was  taken  to  the  area, 
but  the  transducer  could  not  be  found.  Although  visibility  was  good,  strong  Currents 
hampered  search  efforts.  , 

c.  Results  and  Evaluation  of  the  Training  Course.  The  fallowing  remarks 
pertain  to  the  training  course  and  should  be  applied  to  the  organization  of  future  eburses: 

( 1 )  Sample  records  should  be  available  during  the  course  so  that  the 
students  can  identify  the  various  bottom  sediments. 


(2)  Simplified  block  diagrams  of  the  circujtry  should  be  used. 

(3)  Technical  aspects  of  the  equipment  should  be  limited.  Practical 
applications  are  of  more  use  to  the  student. 

(4)  Classroom  training  should  be  limited;  shipboard  “hands-on”  ex¬ 
perience  is  the  most  valuable  phase  of  training. 
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(5)  Printed  circuit  boards  with  known  malfunctions  should  be  used  so 
that  the  student  can  practice  troubleshooting  the  equipment. 

(6)  The  shipboard  portion  of  the  training  should  be  conducted  over 
known  bottoms  where  a  variety  of  sediments  can  be  found. 

The  trainees  felt  that  they  could  tell  what  the  bottom  sediment?  were 
with  the  help  of  the  side  scan  sonar.  They  were  not  sure  of  their  ability  to  distinguish 
the  various  sub-bottoms.  That,  however,  was  not  emphasized  during  training,  because 
the  circuitry  was  going  to  be  modified  to  give  a  different  acoustic  signature. 

The  course  must  be  short  and  thorough  to  keep  the  students’  interest. 
Excessive  classroom  training  becomes  repetitive  and  extensive  collection  of  records  be¬ 
comes  nonproductive  and  boring. 

The  experience  of  the  operator  appears  to  be  the  single  most  important 
factor  in  the  successful  deployment  of  AUSE.  Therefore,  a  short,  thorough  training 
course  followed  by  actual  geophysical  surveys  for  Army  agencies  appears  to  be  the 
most  productive  means  of  training  an  operator  and  maintaining  his  proficiency. 

2.  Civil  Works  Assistance  Surveys.  As  stated  above,  operator  experience  is  the 
key  to  successful  deployment  of  AUSE.  To  provide  the  AUSE  operator  with  the  op¬ 
portunity  to  practice  and  improve  his  skill  outside  the  classroom,  sub-bottom  profiler 
surveys  were  arranged  with  several  Districts  of  the  U.  S.  Army  Corps  of  Engineers. 

The  surveys  were  conducted  to: 

a.  Collect  records  over  known  ocean  bottoms  for  further  correlation  of 
the  acoustic  records. 

b.  Provide  the  operator  with  the  opportunity  to  collect  and  interpret 

records. 


c.  Establish  the  effectiveness  of  the  enlisted  personnel  as  sonar  operators 
and  to  assess  the  merits  of  the  Soils  Analysts  (MOS  510),  in  particular,  as  operators. 

d.  Support  the  Civil  Works  programs  of  various  District  Engineers. 

A  number  of  Districts  were  contacted  and  a  survey  was  performed  for  the  Wilmington 
District  in  November  1971.  The  survey  included  parts  of  the  Cape  Fear  lliver  and  the 
Atlantic  Intracoastal  Waterway.  A  large  quantify  of  useful  information  was  collected 
in' support  of  a  project  to  increase  the  depth  of  those  two  waterways. 
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3.  Survey  of  Utilization  by  Army  Agencies.  Equipment  such  as  AUSE  is  used 
commercially  in  sand  inventories,  predredging  surveys,  harbor  facilities  preconstruction 
surveys,  and  search  and  salvage  operations.  In  addition  to  its  intended  military  mission, 
AUSE  could  be  used  by  the  Army  for: 

a.  Emergency  Search  and  Salvage  Operations.  The  prototype  AUSE  was 
deployed  in  November  1970  at  the  request  of  the  Philadelphia  District  of  Army  Corps 
of  Engineers  when  a  vessel  sank  in  the  Delaware  River  and  was  considered  a  hazard  to 
shipping.  The  AUSE  was  under  test  in  the  Santa  Barbara  (California)  Channel,  and  was 

(transported  to  the  Delaware  River  where  it  was  successful  in  locating  the  vessel.  AUSE 
has  the  advantage  of  being  lightweight,  compact,  and  easily  transported,  and  it  can  be 
|  operated  from  a  vessel  of  any  size. 

It  is  estimated  that  the  use  of  side  scan  sonar  in  place  of  conventional 
fathometer  methods  reduces  the  search  time  by  95  percent. 

b.  Short  Geophysical  Surveys  as  Part  of  Larger  Construction  Projects. 
Frequently,  a  small  amount  of  geophysical  work  is  required  in  support  of  a  larger  con- 
'  struct'on  project.  AUSE  could  provide  these  services  on  short  lead  time  and  at  low 

cost.  Short  surveys,  though  often  very  beneficial  to  the  overall  project,  are  relatively 
■  expensive  when  contracted  for  through  a  commercial  firm. 

To  determine  the  demand  for  this  type  of  service,  letters  of  inquiry 
were  sent  to  23  Engineer  Districts  and  Agencies  that  have  jurisdiction  over  major  water¬ 
ways  and  could  use  AUSE  in  the  future.  The  responses  indicate  that  the  equipment 
1  might  be  used  60  to  100  days  per  year.  The  estimates  of  use  arc  based  primarily  on 

past  use.  It  is  difficult,  in  some  cases,  to  predict  future  use  for  some  projects. 


III.  EXPLOSIVE  EMBEDMENT  PENETROMETER 


A.  Concept 

The  Explosive  Embedment  Penetrometer  (EEP)  provides  a  “physical  handle”  on 
the  sediment  strength  at  a  point  on  the  ocean  floor  and  determines  the  suitability  for 
the  deployment  of  the  XM-200/XM-50  Explosive  Embedment  Anchor  (EE\).  This  is 
accomplished  by  propelling  a  fluked  projectile  into  the  ocean  floor  and  measuring  the 
penetration  and  the  force  required  to  extract  it. 

A  correlation  between  the  penetration  and  extraction  force  of  (lie  EEP  and  the 
penetration  and  holding  power  (i.c.,  performance)  of  the  XM-200/XM-50  EEA,  can  be 
established  and  used  in  the  future  to  predict  the  performance  of  the  EEA. 
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The  EEP  assembly  consists  of  cylindrical  three-legged  l  ame  approximately  2'/i 
feet  tall  and  1  foot  in  diameter,  with  a  gun  barrel  mounted  i .  die  center  of  the  legs. 

The  shank  of  the  projectile  (penetrometer)  is  placed  in  the  barrel  and  the  projectile 
propelled  into  the  ocean  sediments  (rock  excluded)  by  a  cartridge  that  is  detonated 
automatically  (Fig.  39)  when  the  gunstand  cantacts  the  ocean  floor.  A  hydraulic  winch 
on  the  stern  of  s  25-foot  Coast  Guard  Motor  Surf  Boat  (MSB)  pulls  the  projectile  out 
of  the  sediment  as  a  tensiometer-footage  counter  measures  the  extraction  force  and  the 
penetration. 

In  June  1970,  a  contract  (DAAK02-70-C-0638)  was  awarded  to  Magnavox  Systems, 
Inc.  to  develop  equipment  to  test  the  feasibility  of  the  EEP  concept.  During  a  test  (Sep¬ 
tember  1970)  in  the  Potomac  River,  it  was  demonstrated  to  be  a  reasonable  and  simple 
approach  to  the  problem  of  assessing  the  sediment  suitability  at  a  specific  location  for 
the  deployment  of  the  EEA.  Based  on  the  results  of  that  test,  an  additional  contract 
(DAAK02-71-C-0274)  was  awarded  to  the  Magnavox  Systems,  Inc.  to  fabricate  two 
gunstands  and  100  projectiles  (penetrometers).  The  first  30  projectiles  were  delivered 
with  6-inch  flukes,  and  a  test  program  was  conducted  in  the  Chesapeake  Bay  mouth  to 
determine  the  fluke  length  that  would  yield  the  optimum  spread  of  extract  forces  in  a 
wide  range  of  sediment  stiffness. 

Based  on  the  findings,  the  remaining  70  penetrometers  were  delivered  to 
USAMERDC  with  a  fluke  length  of  1-1/8  inches.  Forty-five  of  these  were  designated 
for  additional  EDT  by  USAMERDC  and  the  remaining  25  were  reserved  for  the  use  of 
the  Test  and  Evaluation  Command  during  testing  of  the  Multi-Leg  Tanker  Mooring 
System. 

For  the  feasibility  test  (September  1970),  USAMERDC  purchased  from  Magnavox 
10  penetrometers  with  3-inch  flukes,  a  hydraulic  winch  with  deck  mounting  frame,  and 
a  tensiometer-footage  counter.  Using  this  equipment,  Magnavox  engineers  fired  the 
penetrometers  into  the  Potomac  River  using  a  gunstand  furnished  by  Magnavox. 

The  system  components  purchased  for  the  feasibility  test  were  redesigned  as  a 
result  of  more  rigorous  tests  (paragraph  III  D). 

B.  Description  of  Equipment. 

/VII  components  of  the  EEPaie  shown  in  Fig.  40.  No  modification  of  the  25-foot 
Coast  Guard  Motor  Surf  Boat  is  required  to  mount  the  equipment.  Description  and 
operation  of  the  individual  components  follow. 


Fig.  39.  Explosive  embedment  penetrometer  concept. 


1.  Gunstand. 


a.  Operation.  The  gunstand  (Fig.  41)  is  a  three-legged  cylindrical  frame 
that  transports  to  the  ocean  floor  the  penetrometer  projectile  and  ihe  mechanisms  ne¬ 
cessary  to  propel  it  into  the  sediments.  When  one  of  its  legs  contacts  the  ocean  floor, 

it  displaces  a  triangular  trigger  plate  on  the  top  end  of  the  gunstand.  As  this  plate  moves, 
it  trips  the  trigger  lever  on  the  mechanical  firing  mechanism,  detonating  the  propellant 
cartridge  in  the  upper  end  of  the  barrel.  The  shank  of  the  penetrometer  projectile  is  in¬ 
serted  in  the  lower  end  of  the  barrel  and  held  in  place  by  a  shear  screw.  Upon  dcionu 
tion,  the  shear  screw  fails  and  the  projectile  is  propelled  into  the  ocean  bottom. 

A  35-foot  serve  cable  connects  the  projectile  to  the  gunstand.  The  cable 
is  coiled  into  a  cable  pack  and  is  pulled  out  as  the  projectile  penetrates  the  ocean  floor. 
The  serve  cable  is  connected  to  the  gunstand  through  a  shear  pin.  If  the  projectile  can¬ 
not  be  extracted  from  the  ocean  floor,  the  shear  pin  fails  and  the  gunstand  is  retrieved. 

b.  Basic  Parts.  The  three  basic  parts  of  the  gunstand  are: 

(1)  Legs.  The  legs  have  disc  pads  on  the  ends  to  spread  the  weight  of 
the  gunstand  on  contact  with  the  soft  ocean  floor  and  create  enough  force  to  trig¬ 
ger  the  firing  mechanism.  The  upper  ends  of  the  legs  terminate  in  the  triangular 
trigger  plate.  They  are  spring  biased  to  hold  them  down  and  away  from  the  trigger 
lever.  Vertical  travel  of  the  legs  is  restricted  by  collars  which  keep  the  trigger  plate 
from  pushing  the  trigger  lever  further  than  necessary  and  damaging  the  firing 
mechanism. 


Leg  guards  run  the  length  of  the  gunstand  and  protect  the  legs 
from  rough  handling  during  deployment  and  retrieval. 

C-ring  reinforcements  connect  the  legs  at  two  points.  The  reinforce¬ 
ment  rings  resist  the  spreading  force  on  the  legs  that  is  created  by  the  muzzle  blast. 
The  upper  reinforcement  ring  is  adjacent  to  the  muzzle  and  will  not  itself  be  sub¬ 
jected  to  muzzle  blast.  The  lower  ring  connects  the  lower  ends  of  the  legs. 

(2)  Head.  The  head  is  fabricated  of  welded  aluminum  sections  with  a 
steel  insert  at  the  center  into  which  the  firing  mechanism  and  barrel  are  placed. 

The  hydrostatic  lock  is  also  mounted  on  the  head. 

(3)  Yoke.  The  lifting  yoke  transmits  the  load  from  the  gunstand  head 
to  the  hydraulic  winch  rable.  Mounted  on  the  yoke  is  the  lifting/retrieval  device, 
which  L  used  to  move  the  gunstand  from  under  the  boom  to  alongside  the  MSB. 
where  it  can  he  more  easily  pulled  from  the  water. 
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c. 


Specifications. 


Weight  80  pounds  (in  air.  loaded) 

Heij^it  52  inches  (including  lifting  yoke) 

Diameter  12  inches 

Primary  Material  6061 -T6  aluminum 

d.  Service  Rack  and  Shipping  Chest.  Th<  service  rack  is  placed  over  the 
MSB  engine  housing  and  provides  a  place  to  service  and  load  the  gunstand  before  a  fir¬ 
ing.  Fixtures  are  provided  to  secure  the  tiring  mechanism  and  barrels  to  the  rack. 

The  legs  can  be  removed  from  the  service  rack  so  that  it  can  be  placed 
in  the  shipping  chest. 

c.  Acceleration.  Upon  detonation,  the  EEP  is  subjected  to  an  acccien.tion 
load  of  700  times  the  force  of  gravity.  The  recoil  of  the  gunstand  is  Vh  feet  in  water. 

f.  Gunstand  Modifications.  During  the  July  1 971  tests,  the  following  de¬ 
ficiencies  were  noted  and  the  appropriate  design  revisions  were  implemented. 

(1)  The  rectangular  C-ring  reinforcements  were  bent  by  muzzle  blast. 
While  the  section  modulus  resisting  the  spreading  of  the  legs  was  great,  the  perpen¬ 
dicular  section  modulus  resisting  bending  by  the  muzzle  blast  was  small. 

To  correct  the  deficiency,  the  rectangular  C-rings  were  replaced  by 
a  C-ring  of  34-inch  diameter  6061-T6  aluminum  alloy  round  stock. 

(2)  The  rectangular  leg  guards  were  secured  with  screws.  The  spreading 
force  of  the  muzzle  blast  caused  the  screws  to  fail  and  left  the  leg  guards  perma¬ 
nently  bent  outward. 

The  leg  guards  were  replaced  by  M*-ineh-diamctcr  6061 -T6  alumi¬ 
num  alioy  round  stock  welded  to  the  legs  and  head  at  all  points  of  contact. 

2.  Barrel.  The  configuration  of  the  barrel  is  shown  in  Fig.  42.  The  propellant 
cartridge  is  inserted  into  the  projectile  chamber  (large  end)  which  has  a  0.012-inch  per 
inch  taper  to  facilitate  the  removal  of  an  expended  cartridge. 

A  threaded  hole  is  provided  in  the  barrel  so  that  a  shear  screw  can  be  passed 
through  the  barrel  into  a  hole  in  the  projectile  shank  to  secure  the  projectile  in  the  bar¬ 
rel.  Upon  detonation.  ( hr  shear  screw  fails  and  the  projectile  is  propelled  out  of  the 
barrel. 
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The  maximum  pressure  developed  in  the  barrel  during  detonation  is  approxi¬ 
mately  52,000  psi.  A  typical  pressure  time  curve  is  shown  in  Fig.  43. 

3.  Firing  Mechanism.  The  firing  mechanism  detonates  the  propellant  cartridge 
by  impinging  a  firing  pin  on  the  cartridge  primer.  It  is  threaded  into  the  breech  of  the 
gunstand  and  acts  as  a  breech  block.  As  the  firing  mechanism  is  tightened,  the  O-ring 
(Fig.  44)  is  compressed  against  the  cartridge  to  form  a  watertight  seal  between  the  fir¬ 
ing  pin  and  cartridge  primer. 

The  firing  mechanism  is  manually  armed  by  pulling  the  cocking  bail  (Fig.  44) 
and  raising  the  trigger  lever.  It  is  automatically  made  safe  by  the  hydrostatic  safety, 
which  intercepts  the  firing  mechanism  linkage.  The  hydrostatic  safety  becomes  passive 
at  a  depth  of  20  feet,  and  the  mechanism  will  initiate  detonation  when  approximately 
30  pounds  is  applied  to  any  or  ail  of  the  legs. 

a.  Prefiring  Checks.  The  following  two  checks  should  be  made  each  time 
the  firing  mechanism  is  armed  or  immediately  before  threading  the  mechanism  into  the 
breech: 
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TIME  AFTER  DETONATION 
(MILLISECONDS) 


Fig.  43.  Chamber  pressure-time  curve. 


(1 )  Push  on  the  trigger  lever  in  an  attempt  to  actuate  the  mechanism, 
ll  should  not  fire. 

(2)  Inspect  the  hydrostatic  safety  by  touch  or  sight  to  insure  that  i;  is 
extended,  and  therefore,  in  the  safe  position. 

b.  Precautionary  Handling.  When  the  firing  mechanism  is  not  in  use,  it 
mast  be  cocked.  This  extends  the  hydrostatic  safety  to  the  full  length  of  the  chamber, 
thus  sealing  it  and  protecting  the  inner  surfaces  from  corrosion.  Extensive  exposure  to 
the  marine  environment  or  airborne  particles  may  corrode  those  surfaces  and  cause  the 
hydrostatic  safety  to  stick. 

The  firing  pin  hole  is  the  only  point  where  water  can  enter  the  body  of 
the  firing  mechanism.  Care  must  be  taken  to  insure  that  water  does  not  enter  through 
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Fig.  44.  Firing  mechanism. 


that  hole  when  the  firing  mechanism  is  not  in  use.  When  removing  it  from  the  gunstand 
aflcT  a  shot,  immediately  rotate  it  so  that  the  firing  pin  points  down  and  place  it  in  the 
space  provided  in  the  gunstand  servicing  rack. 

4.  Hydrostatic  Lock.  The  hydrostatic  lock  restrains  the  trigger  plate  and  pre¬ 
vents  a  sudden  jolt  on  the  legs  from  being  transmitted  to  the  firing  mechanism  safety. 

It  is- set  to  become  passive  at  a  depth  slightly,  less  than  the  firing  mechanism  safety. 

The  hydrostatic  lock  is  a  cylinder  within  which  a  spring  biased  piston  moves. 
As  ihe  pressure  increases  with  depth,  the  piston  is  forced  back  into  the  cylinder  against 
a  spring  and  trapped  air.  At  a  predetermined  depth,  the  piston  will  be  clear  of  the  trig¬ 
ger  piste  and  the  gunstand  will  be  ready  to  fire  on  contact. 

A  screw  in  the  cylinder  can  be  removed  to  equalize  the  internal  and  external 
pressure  to  adjust  the  position  of  the  piston. 

5.  Penetrometer  Projectile  and  Serve  Cable. 

a.  Projectile.  The  penetrometer  projectile  is  shown  in  Fig  45.  It  has  four 
hinged  flukes  are  held  back  for  firing  by  a  styrofoam  ring.  The  shank  fits  into  the 
barrel  and  is  secured  by  a  shear  screw.  Tests  in  July  1971  showed  that  1-1/8-inch  flukes 
would  give  the  best  correlation  with  the  holding  power  of  the  X  M-200/XM-50  EEA. 
Leaf  spring  placed  between  the  shank  and  the  fluke  assist  in  opening  the  fluke  when 
keying  L  initiated. 

Specifications  are  as  follows: 

Weight  6  pounds 

Length  18.375 

Diameter  of  head  i  .5  inches 

Diameter  of  shank  1 . 1 25  inches 

b.  Serve  Cable.  The  serve  cable  is  coiled  in  a  figure-8  fashion  into  a  sheet 
metal  pack.  The  free  end  of  the  serve  cable  is  left  bare  and  a  swaged  eye  applied  just 
licforc  use  of  the  penetrometer.  This  is  done  so  that  the  serve  cable  can  be  shortened 
for  specific  situations.  For  cxamp'c,  if  the  EEP  is  to  be  fired  in  25  feet  of  water  at  a 
location  where  rompact  sand  is  expected  to  be  found,  the  serve  cable  should  be  short¬ 
ened.  In  such  a  situation,  penetration  of  6  to  12  feet  is  expected,  and  it  is  conceivable 
that  with  a  35-foot  serve  cable,  the  gunstand  could  reach  the  surface  before  the  pro¬ 
jectile  i?  extracted  or  the  shear  pin  fails. 
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The  serve  cable  is  attached  to  the  projectile  by  a  swaged  cylinder.  A  slot 
in  the  shark  allows  the  swaged  cylinder  to  slide  from  the  end  of  the  shank  toward  the 
head  to  permit  a  portion  of  the  shank  to  be  inserted  ipto  the:  barrel.  The  fitting  returns 
to  the  rear  of  the  slot  as  the  shank  exits  the  barrel. 

J 

6.  Shear  Pin.  The  shear  pin  is  designed  as  the  weak  link  in' the  EEP.  If  the  pro¬ 
jectile  becomes  lodged  in  the  oceap  bottom  and  the  extraction  force  reaches  1500 
pounds  ±  100  pounds,  the  shear  pin,  connecting  the  serve  cable  to  theigunstand,  fail.' 
and  the  gunstaud  is  retrieved.  The  1500-pound  force  was  determined  to  be  the  maxi¬ 
mum  load  that  could  safely  be  placed  on  the  stern  of  the  MSB'in  a  Sea  State  Two.  The' 
shear  pin  is  placed  in  a  fixture  on  the  lower  side  ol  the  gunstand  head. 

Specifications  arc  as  follows:  i 

Material  s  Half-hard  Comp.  22  Brass. 

Hardness  Rockwell  B68-B70 

Diameter  ,  0.1410  to  0.1412 

Length  \3A  inches 

7.  Propellant  Cartridge.  The  propellant  cartridge  (Fig.  46)  is  a  percussion- 
detonated  device  containing  600  grains  of  propellant.  An  interirq  classification  of  Class 
B,  Explosive  Power  Device  has  been  assigned  by  the  Federal  Bureau  of  Explosives  Labo¬ 
ratory,  Edison,  New  Jersey. 

i 

a.  Specifications.  1  '  ,  ,  • 

Length  4.613  inches  with  a 

0.012-inch  per  inch  taper 
Diameter  1 .25  inches 

Propellant  Components:  .  . 

Hercules  No.  2400  30  grains 

Hercules  H PC-87  500  grains  . 

DuPont  1, MR  3031  70  grains 

Federal  Primer  No.  215 

I 

b.  Explosive  Classification  Tests.  The  interim  classification  was  drawn  from 
guidelines  published  in  the  Code  of  Federal  Regulations,  Title  46,  para.  146.20-200.  A 
test  is  planned  to  submit  six  cartridges  to  the  Bureau  of  Explosives  Laboratory  for  final 
classification.  At  that  time,  it  will  be  requested  that  the  cartridge  be  classified  Class  C. 

This  test  will  be  funded  jointly  by  USA.MERDC  and  the  U.  S.  Coast  Guard. 

c.  Transportation  Vibration  Test.  A  test  is  planned  to  determine  the  effect 
of  transportation  vibration  on  the  ballistic  characteristics  of  the  propellant  cartridge. 
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Fig.  46.  Propellant  cartridge. 


Oiic  group  of  cartridges  will  be  fired  after  they  have  been  vibrated  ac¬ 
cording  to  a  schedule  appearing  in  Materiel  Test  Procedure  4-2-804.  17  April  I960,  sub¬ 
ject:  Laboratory  Vibration  Test  (Aberdeen  Proving  Ground).  A  penetrometer  barrel 
will  lie  instrumented  to  record  the  pressure-time  curves  of  the  combustion  gases. 

A  similar  group  of  cartridges  will  be  fired  without  being  subjected  to  the 
transportation  test.  The  pressure-time  curves  of  both  groups  will  be  compared  and  the 
effects  of  vibration  on  the  ballistic  characteristics  determined.  This  test  program  will 
tic  funded  jointly  by  USAMERDC-U.  S.  Coast  Guard. 

8.  Hydraulic  Winch.  The  hydraulic  winch  is  a  self-contained  power  module  capa¬ 
ble  of  retrieving  2000  pounds  from  the  ocean  floor  at  a  rate  of  30  feet  per  minute.  The 
winch  drum  contains  225  feet  of  3/16-inch  diameter  7x19  galvanized  improved  plow- 
steel  cable. 

A  schematic  drawing  of  the  hydraulic  winch  is  shown  in  Fig.  47.  The 
5-horscpowcr  4-cycIc  single  cylinder  air-cooled  engine  drives  the  hydraulic  pump  which, 
in  turn,  drives  the  hydraulic  motor.  The  winch  drum  is  driven  by  the  hydraulic  motor. 

A  relief  valve  in  the  control  valve  unit  can  be  set  to  bypass  the  hydraulic  mo¬ 
tor  at  any  load  up  to  2000  pounds. 

The  original  winch  was  manufactured  by  Hydro  Products  Division  of  Dilling¬ 
ham  Corporation,  San  Diego,  Calif.  As  discussed  above,  that  configuration  was  deter¬ 
mined  to  be  unsatisfactory.  A  new  winch  frame  (Fig.  48)  was  built,  and  the  hydraulic 
components  were  mounted  on  it.  The  gasoline  engine,  hydraulic  pump  and  fluid  reser¬ 
voir  are  mounted  in  the  lower  portion  of  the  frame.  The  winch  drum,  hydraulic  motor, 
and  control  valve,  mounted  on  the  top  of  the  frame,  are  connected  to  the  hydraulic 
pump  by  hoses.  The  winch  drum  is  covered  by  a  protective  screen.  The  screen  can  be 
removed  and  folded  for  shipment. 

The  new  winch  frame  (Fig.  48)  is  mounted  on  the  floor  at  the  stern  of  the 
MSB.  It  is  fastened  to  the  stern  lifting  davit  and  the  towing  bit. 

a.  Hydraulic  Winch  Operation.  The  winch  is  operated  in  the  following 

manner: 


( 1 )  Ignition  switch  set  to  ON. 

(2)  Control  valve  lever  placed  to  NEUTRAL  position. 

(3)  Choke  is  pulled  out. 
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Fig.  -Ml.  Hydraulic  winch. 


(4)  Starter  cord  pulled. 

(5)  Choke  pushed  in  as  soon  as  the  engine  starts. 

(6)  dutch  (left  fever)  is  pushed  forw»rd. 

(7)  Control  valve  b  moved  forward  or  backward  to  move  the  gunstand 
into  or  out  of  the  water. 

(8)  To  stop  the  engine,  ignition  switch  b  moved  to  OFF  position. 

The  hydraulic  motor  will  hold  loads  up  to  the  maximum  when  the  con¬ 
trol  valve  is  in  the  neutral  position,  so  the  brake  (right  lever)  is  rardy  used. 

b.  Specifications. 


Weight 

340  pounds 

Width 

15.5  indies 

Height 

43.5  (induding  guard,  power  winch) 

Depth 

17.8  inches 

9.  Tensiometer-Footage  Counter.  The  tensiomclcr-footage  counter  (Martin- 
Decker  UD8M  Dyne-Line  Tensiometer)  measures  the  force  required  to  extract  the  pro¬ 
jectile  from  the  ocean  floor,  and  measures  the  penetration  of  the  projectile  into  the 
ocean  floor. 

The  tensiometer  is  the  running-line  type  and  consbts  of  a  threc-sheaved  ele¬ 
ment.  a  dial  indicator,  and  a  hydraulic  hose  connecting  the  two.  The  element  is  placed 
on  the  hydraulic  winch  cable  and  the  dial  indicator  on  the  railing  where  the  winch  op¬ 
erator  can  see  it. 

The  travel  of  the  wire  rope  is  measured  by  a  footage  counter  that  i  an  inte¬ 
gral  part  of  the  tensiometer  element.  The  rotation  of  one  sheave  is  transmitted  to  the 
counter  (mounted  with  the  tensiometer  dial)  by  a  flexible  cable. 

The  footage  counter  is  designed  for  operation  with  loads  of  between  200  and 
2000  pounds.  During  an  EEP  test,  it  must  measure  footage  with  onlv  the  weight  of  the 
gunstand  (approximately  60  pounds  in  water)  on  the  ralilc.  Slippage  ran  occur,  and  a 
four*  i  shca\c  was  added  to  the  end  of  the  element  in  an  attempt  to  increase  the  friction 
force  between  the  wire  rope  and  sheave.  This  was  moderate!}  successful,  so  the  counter 
sheave  was  redesigned  to  grip  the  cable.  Although  this  type  of  tensiometer  has  the  ad¬ 
vantage  of  being  simple  in  design  and  requires  no  outside  power,  the  inclusion  of  air  in 


! 


97 


I  hr  line  can  cause-  it  to  read  as  much  as  50  percent  low.  (Set:  Test  Section..  Purging  *hc 
iinc  of  sir  appears  to  ire  simple,  but  i!  is  a  tedious  procedure  in  actuality. 


!f  is  recommended  {liat  a  small  in-line  tensiometer  be  mack*  a  part  of  the  EEP„ 
The  running-line  tensiometer  could  be  easily  cheeked  with  lire  in-line  tensiometer  if  sus¬ 
picions  arise  as  to  its  accuracy. 


The  tensiometer  element  is  mounted  in  a  gjmbal  on  the  stem  deck  (Fig.  49) 
of  ihr  MSB-  This  arrangement  allows  the  fensiomefer  to  follow  the  gunstand  cable  as  it 
motes  across  the  winch  drum,  hut  preterits  motion  parallel  to  the  axis  of  the  MSB- 

10.  Deck  Frame  and  Boom. 

a.  Boom.  The  boom  is  the  triangular  frame  placed  over  the  transom  of  the 
MSB  through  which  the  wire  rope  passes  (Fig.  5ft).  The  purpose  *>f  the  loom  b  to  keep 
the  moment  arm  of  the  wire  rope  Jew  si  that  the  MSB  will  not  capsize  under  a  side  load. 

The  I  room  is  secured  to  the  gunwale  by  holts.  Four  of  the  bolls  securing 
the  rubber  bumper  on  the  side  of  the  MSB  arr  removed  and  longer  kills  are  passed 
throng);  the  ride  and  humprr.  This  arrangement  requires  no  modification  to  he  MSB. 

A  handwineh  pulls  the  lioom  out  of  the  water  onto  the  stem  deck  so 
that  the  wire  rope  is  out  of  the  water  while  the  MSB  is  underway.  The  wire  rope  has 
caught  in  the  propeller  left  in  the  water  while  the  MSB  was  in  use. 

b.  Deck  Frame.  TIk*  deck  frame  supports  the  tensiometer  gimbal  mount 
(Fig.  49)  and  the  roller  over  which  the  wire  rope  passed  lie  tween  the  hydraulic  winch 
am!  the  gunsland.  The  deck  frame  is  bolted  to  the  lioom  and  the  stern  lifting  davit. 

The  boom  retractor  winch  •>  mounted  on  the  deck  frame. 

\n  expanded  metal  screen  covers  the  roller  to  provide  proieetion  for 
the  crew  in  the  event  of  a  wire  rope  failure.  Use  screen  can  lx’  removed  and  folded  for 
shipping. 

!  I .  Retrieval  Device.  Tiie  retrieval  device  (Fig.  J ! )  consist.-,  of  a  gunwale-mounted 
bracket .  a  handwineh.  and  ring.  This  device  is  used  to  move  the  gnn.-tand  from  under 
the  boom  to  the  side  of  the  MSB  where  it  is  lifted  over  the  gunwales  and  placed  on  the 
service  rack.  The  u-e  of  the  Retrieval  Device  is  discussed  in  paragraph  III  C. 
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12.  Maintenance. 


a.  Band.  After  each  day.  the  bore,  shear  sere*-  b  jle.  and  threaded  retainer 
ring  must  be  washed  in  fresh  water  and  lubricated  thoroughly.  Corrosion  accumulation 
on  these  surfaces  reduces  the  tolerance  to  such  an  extent  that  the  projectile  shank  will 
not  slide  into  the  bore  and  the  shear  screw  will  not  tum  easily  in  the  threads.  A  bore 
cleaning  rod  is  provided  for  cleaning  the  barrel  before  use. 

h.  Firing  Mechanism.  The  water  must  never  be  allowed  to  run  down 
through  the  firing  pin  hole  into  the  interior  of  the  firing  mechanism. 

After  use,  the  medianism  should  be  w  iped  dry  and  cocked.  When 
codied,  the  hydrostatic  safety  is  pushed  out  to  the  end  of  its  chamber.  Since  the  cham- 
l*cr  is  then  sealed  off,  its  .-urfaccs  will  be  protected  from  dirt  and  corrosion.  The  open¬ 
ing  of  the  hydrostatic  safety  should  be  generously  lubricated  with  a  silicon  grease,  such 
as  Dow  Coming  PC-55M  or  an  equivalent  (conforming  to  MIL  SPEC  G-4343,  such  as 
ESN  9150-273-8633.  The  O-ring  should  be  replaced  if  it  is  scored. 

c.  Hydrostatic  Lock.  The  hydrostatic  lock  should  be  wined  dry  and  the 
piston  lubricated  with  silicon  grease.  The  piston  shoulder  should  be  even  with  the 
outer  edge  of  the  cylinder  to  avoid  corrosion  on  moving  surfaces.  The  position  of  the 
piston  can  lie  changed  by  adjusting  the  air  pressure  in  the  cylinder  by  removing  the 
screw  on  the  back  of  the  hydrostatic  lock.  Oil  must  never  be  used  on  the  moving  sur¬ 
face  of  the  hydrostatic  lock  because  it  causes  excessive  friction. 

C.  Deployment  and  Data  Collection 

1.  EEP  Deployment.  The  EEP  is  deployed  from  a  25-foot  Coast  Guard  Motor 
Surf  Boat  (MSB)  in  the  following  manner  (Fig.  51): 

a.  The  MSB  is  anchored  at  the  location  where  the  EEP  is  to  he  fired. 

b.  The  boom  is  lowered  over  the  stern  using  the  appropriate  hand  winch. 

c.  A  projectile  is  placed  in  the  barrel  and  secured  with  a  shear  screw. 

d.  The  barrel  is  placed  into  the  breech  and  the  retainer  ring  threaded  on 

the  end. 

e.  The  serve  cable  eye  and  shear  pin  are  placed  in  the  shear  pin  block. 

f.  The  propellant  eartridge  is  inserted  into  the  breech. 
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<*.  Thr  faring  mechanism  is  cocked  by  pulling  on  the  cocking  bail,  then  lift¬ 
ing  E&ir  toiggjnr  Ikw.  The  <aftlv  should  be  cheeked  as  described  in  paragraph  III  B. 

Tbr  fSnag  mndbem  is  threaded  into  breech  and  tightened  with  a  wrench. 

Ik.  Ilydm^alBe  Sock  is  exercised  on  the  gunstand  by  pressing  on  the  piston 
wraitirafl  Eianw-  So  amffue  that  it  mores  freely. 

L  litb  the  hydraulic  winch  in  the  neutral  position  and  the  clutch  engaged, 
l&r  2pm*tead  if  pat  *nrr  the  side  of  the  MSB  (Fig.  52)  and  allow  ed  to  hang  just  below 
S&tr  water's  ssariaee.  The  lift/ietrieral  derice  should  not  be  hooked  on  the  retrieval  ring 
(Fig.  51.  No.  1). 

j.  The  hand  winch  line  is  paid  out  until  the  line  is  slack  and  the  gunstand 
sf^a^nSncdly  under  the  boom  (Fig.  51,  Nos.  2  and  3). 

L.  Using  thr  hydraulic  winch,  the  gunstand  is  lowered  to  the  ocean  floor 
(Fig.  51.  No.  4).  DO  NOT  drop  the  gunstand  by  disengaging  both  the  clutch  and  brake 
xsu6  afflowistg  the  winch  dram  to  turn  fredy.  The  center  of  gravity  of  the  gunstand  is 
mrjir  liar  top  end;  it  will  land  on  the  ocean  floor  on  its  ride. 

1.  The  winch  dram  should  be  stopped  immediately  when  the  cartridge 

Oftwaatcs. 


en.  The  footage  counter  is  set  on  zero  if  Method  I  is  being  used. 

n.  The  tenriometer  will  indicate  no  load  for  several  feet  during  the  initial 
past  of  retrieval  of  the  winch  iinc  (Fig.  51 ,  No.  6).  As  soon  as  the  tensiometer  needle 
ewms  alruptlv  and  indicates  a  load,  the  footage  counter  reading  is  recorded. 

o.  Continue  retrieving  the  gunstand,  noting  the  predominant  loads  and  the 
depths  ovrr  which  they  prevail.  If  the  shear  pin  fails,  the  footage  counter  reading 
-inMild  l*r  recorded. 

p.  When  the  projectile  is  extracted  from  the  floor,  thr  tensiometer  reading 
will  drop  to  near  zero  abruptly  and  the  footage  counter  recording  (Fig.  51 ,  No.  7) 
Tioiild  l«r  rrrwrdcd. 

q.  When  the  mark  on  flic  wire  rope  passes  over  the  roller  on  the  stern  deck, 
tin-  wm«h  drum  is  slopped. 

r.  Force  is  exerted  on  the  retrieval  hand  winch  line  to  insure  that  the  ring 
i-  c-aught  oi>  ?  prong  of  lh»*  lifting  retrieval  drvirr.  The  hydraulic  winch  line  is  slowly 
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lei  out  while  the  retrieval  hand  winch  is  taken  in.  Thct  guhstand  will  be  pulled  from  1 
under  the  boom  to  the  side  of  the  MSB  (Fig.  51 .  Nos.  7  and  8). 

i 

s.  With  sufficient  slack  in  the  hydraulic  winch  line,  the  gunstand  is  pulled 
from  the  water  and  placed  in  the  scryicc  rack  (Fig.  51 ,  No.  10). 

2.  Failure  of  EEP  to  Fire.  If  the  EEP  is  deployed  over  a  very  soft  bottom,  it  is 
possible  that  the  gunstand  may  contact  the  bottom  and  lie  on  its  side  withoht  detonat¬ 
ing.  This  could  be  because,  in  soft  bottom,  sufficient  force  is  not  applied  to  the  legs  by 
the  sediment  because  the  sediment  gives  way  rather  than  resist  the  weight  of  the  gun¬ 
stand.  This  condition  is  compounded  by  a  strong  current  that  causes  the  gunstand  to 
approach  the  bottom  at  an  angle. 

4  i  1 

If  the  gunstand  does  not  fire  (i.c.,  detonation  is  not  heard,  but  the  wire  rope 
becomes  slack),  the  gunstand  should  he  lifted  4  to  6  feet  above  the  ocean  floor  and 
dropped  in  the  following  manner: 

t  | 

a.  Lift  the  gunstand  4  to  6  feet  above  the  ocean  floor.  1 

l 

b.  Set  the  winch  drum  brake.  ,  '  , 


c. 

d. 


Disengage  the  clutch. 

Disengage  the  brake  and  allow  gunstand  to  fall  to  the  ocean  floor. 


3.  Results. 


a.  Exit  action  Forces.  The  extraction  force  read  from  the  tensio.meteV  dial 
during  the  penetrometer  test  can  be  used  directly  to  determine  the  advisability  of  the 
development  of  the  XM-200,  XM-50  EEA  (paragraph  XV).  If  the  tensiometer  was 
checked  with  the  in-line  tensiometer  and  a  corrective  curve  established,  it  should  be  ap¬ 
plied  to  the  extraction  force  before  enterjng  the  correlation  table  (paragraph  III  E). 

i 

b.  Penetration.  The  penetration  of  the  projectile  can  be  measured  in  two 

ways  which  ran  then  be  checked  against  each  other.  : 

i 

(1)  Nomenclature.  ! 

Rj  =  footage  counter  reading  at  first  indication  of  load.  : 

R2  =  footage  counter  reading  at  termination  of  load. 
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R '  =  footage  counter  reading  at  interface. 

II]  =  distance  from  bottom  of  gunstand  to  shear  pin  block. 

C  -  sene  cali/e  length 

P  -  penetration  of  EEP  projectile  into  ocean  floor. 

2  ~  depth  of  sub-l>ottom  layers. 

(2)  Method!. 

(a)  The  procedure  for  determining  the  penetration  from  Method 
I  is  as  follows: 


J_.  Upon  detonation,  the  footage  counter  is  set  to  zero  and 
gonstand  retrieval  commenced. 

2.  As  soon  as  the  tensiometer  indicates  an  abrupt  load,  the 
footage  counter  reading  is  recorded  (R , ).  The  abrupt  increase  in  load 
indicates  that  the  serve  cable  remaining  in  the  cable  pack  after  firing  has 
Itcen  pulled  out  and  that  serve  cable  and  wire  rope  arc  taut. 

3.  Extraction  then  continues  and  values  are  recorded. 

(b)  The  penetration  can  be  calculated  as  follows: 

P  =  C-  Hi  -R, 

(c)  This  method  has  the  advantage  that  break  out  is  not  necessary 
to  determine  the  penetration. 

J_.  Any  slack  in  the  wire  rope  could  be  interpreted  as  de¬ 
creased  penetration.  This  could  be  particularly  true  in  deep  water  and 
high  currents. 

2.  At  light  loads  (just  the  weight  of  the  gunstand),  the  wire 
rope  may  slip  over  the  footage  counter  sheave.  This  would  be  interpreted 
as  increased  penetration. 

3.  This  method  requires  knowledge  of  the  serve  cable  length. 
It  is  shortened  in  some  instances. 
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(3)  Method  0. 


(a)  The  penetratio  i  may  be  calculated  as  follows: 

JL  After  detonation.,  retrieval  of  the  gunstand  commences. 


2.  When  the  tensiometer  needle  moves  abruptly  from  n  3 
load,  footage  counter  is  set  to  zero  (R, ).  The  wire  rope  and  serve  cable 
are  then  fullv  extended  and  taut. 

3.  Extraction  and  recording  of  data  is  continued. 

4.  When  the  tensiometer  dial  drops  to  no  load,  the  footage 
counter  reading  (R2)  is  recorded.  This  indicates  that  the  projectile  has 
been  extracted  and  is  clear  of  the  ocean  floor. 

(b)  The  penetration  is  calculated  as  follows: 

P=  R2  -  R, :  since  R,  =  0.  P=  R2. 

(c)  Tliis  method  overcomes  the  disadvantages  discussed  under 

Method  1. 

It  cannot  be  used  in  a  stiff  bottom  where  the  shear  pin 
fails,  since  the  footage  counter  reading  at  extraction  cannot  be  obtained. 

2.  It  is  recommended  that  both  methods  be  employed  to 
insure  that  some  data  is  collected. 

(4)  Method  I  and  Method  II  Combined. 

(a)  Both  methods  can  be  used  and  the  results  compared.  The 
footage  counter  must  be  set  to  zero  after  detonation  occurs. 

L  Method  I:  P  =  C-H,  -R, 

2.  Method  II:  P=R,  -R2 


(b)  Discussion: 


]_.  Firing  into  a  stiff  bottom  necessitates  the  use  of  Method 
I.  «ince  the  shear  pin  will  fail  and  the  breakout  footage  counter  reading 

I  OH 


(R2)  trili  not  far  obtained.  If  the  pin  fail*,  however.  the  bottom  condi¬ 
tion*  are  probzbh  suitable  for  the  EEA. 

2.  Method  I  doe*  determine  the  depth  of  the  projcdJr  at 

failure. 


3.  This  information  i*  useful  in  determining  if  sufficient 
overburden  is  present  for  the  EEA. 

4.  Method  II  is  best  suited  for  soft  bottoms  where  R,  and 
R2  can  be  obtained.  However,  both  methods  should  be  used,  ante  it  is 
not  known  whether  or  not  the  pin  will  fail. 

c.  Depth  of  Sub-Bottom  Lavers.  The  depth  below  the  ocean  floor  of  vari¬ 
ous  sediment  layers  can  be  determined  from  the  data  collected  in  step  o.  paragraph  III  C. 
According  to  Method  I: 


K=C-H,  -R' 

d.  Shear  Pin  Failure  Depth. 

( I )  The  depth  at  which  the  shear  pin  fails  (£,.)  can  be  calculated  by 
using  Method  I: 


2S  =  C-H,  -<R% 

where  (R')_  is  the  footage  counter  reading  at  shear  pin  failure. 

(2)  Method  II  cannot  be  used  readily  because  no  break-out  footage 
counter  reading  (R2)  was  obtained  since  the  shear  pin  failed  before  extraction  was 
completed. 

D.  Engineering  Design  Tests  (EDT). 

I.  Scope.  Under  the  terms  of  the  contract  with  Magnavox.  the  penetrometers 
were  to  be  delivered  in  two  groups.  The  first  group  (30  projectiles)  was  delivered  with 
6-inch  flukes. 


a.  Preliminary  Tests  (July  1971).  During  the  preliminary  tests,  projectiles 
were  fired  into  a  variety  of  ocean  bottom  sediment  types  in  an  effort  to  determine  what 
fluke  length  would  produce  the  optimum  spread  of  extraction  force  in  ocean  bottoms 
ranging  from  \er\  soft  to  stiff. 
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It  Fatal  Ted*  (October  1971 %.  Oner  !k  find  Sck  Smgih  «»  cdzMhferd. 

ikxmxl^nrapof  pcorlrondtr;  (70  pnjttltb)  tn»  ikfitml  nidi  ibl  0u.br  krsgth. 
The  o&jecihes  of  the  final  EOT  *fne  loiantlht  EEPzt  the  sauar  localsotsf  as  the 
XV  -3W/ \  M -50  EEA  bad  kta  fired  during  ikar  dmk^nKcl  arsd  to  edrei  aiffrand 
data  to  ejlaiiifsh  z  Mndalwn  bdima  the  holding  power  zrad  jwsrtra!»n  of  the  EEA 
and  8  hr  EtCP.  Thr  lower  basil  of  EEF  rxtraifsco  force  «sf  otalMol  Lv  fjria*  pojtr- 
Iwrsj!  lomtHOf  where  the  core  sjkjJt  data  indsc/ted  that  the  IwIIoq  «a*  too  «ft  far 
EEA  tine.  Grapokc  Ted  Site  10  w as  found  to  he  the  mod  useful  for  this  p!fi|*Mr. 

Fixing  in  a  din  bottom  established  the  upper  limit.  EEA  holding  power 
data  were  used  to  define  a  stiff  bottom  and  identify  suitaUe  test  sites.  The  upper  limit 
was  established  when  the  shear  pin  failed  in  a  stiff  bottom. 

Test  sites  where  intermediate  EEA  holding  powers  hate  been  obtained 
were  teded  to  insure  that  the  EEP  ean  discriminate  between  degrees  of  EEA  holding 

powers. 

1  Test  Sites.  The  criteria  for  the  selection  of  sites  were: 

a.  Locations  where  XM-200/XM-50  EEA  hate  been  fired  in  the  past. 

b.  Areas  where  reliable  core  sample  data  is  ataiiabic. 

c.  Adequate  visual  navigation. 

d.  Proximity  to  support  facilities. 

e.  Sheltered  waters. 

f.  Variation  in  sub-bottom  composition  within  a  small  area. 

Appendix  A  contains  the  locations  and  core  logs  for  the  test  sites.  The  sites 
offer  a  wide  tariety  of  sub-bottom  compositions.  Roek  W3S  excluded  from  the  test 
site.-  I>erause  the  AI  SE  will  identify  lhr>c  areas  during  an  operation  and  they  will  be 
eliminated  at  the  outset. 

The  mouth  of  the  Chesapeake  Ray  in  the  vicinity  of  Norfolk.  Virginia,  salis- 
fie-  all  of  tin*  abo\ e  criteria  and  was  the  scene  of  a  majority  of  the  testing. 
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Daiva*  jrtnrstom  S«4f.  ibr  X 3J -5G'X M-3KI EEA  way-  rStpioyes?  at  Qtcfapodbr 
55l«f  1-4.  Krsf  let  5«lr  l.ia?  Pintoncsr  Sticf  I X1 

The  3yty  litfsS  5s!<cs  wrTr  lose  faa-  offshorr  and  *jrrKra3y  SBiyrri  to  sea  cwradB- 
Ittccf  (im>  «jr<aJ  So  allow  the  cifol  ibr  «5U  inlb  aiy  it^ibrilt.  Tbr  EmIIob  at  ite 
area  k  s«ry  Imd  ooraj  and  k  referred  Is?  «#  "rock-  oa  aanipzlioa  ffarl*. 

Key  Best  Test  <ilr4.ieej:-2:  in  140  frrl  of  water  HiHakfcatwfSile  I. 
was  efti'  fished  for  this  «e<t  to  factsiirlr  2  deep  water  test  of  the-  MwrinjSite  Survey 
fitjuiprofnl, 

Qwsipeakf  TofI  Site  3  k  the  location  where  mooring  way-  otrblkbed  during 
the  1966  EEA  EOT.1  EEA*  were  to  hate  ietn  fired  at  the  same  point  that  core?  were 
taken.  This  would  hair  provided  excellent  correlation  between  holding  power  and  swfi- 
ment  Ivor.  Unfortunately,  .-troi^*  currents  caused  operational  dilficilljfif  and  the  EEAs 
were  filed  is  much  a*  300  feet  from  the  corresponding  cure  site. 

Core  samples  and  AL'SE  records  indicate  that  the  variability  of  the  sediment 
in  that  area  is  so  great  that  correlation  of  the  EEA  performance  with  the  nearest  cote 
sample  is  not  reliable. 

Since  the  ultimate  goal  of  the  test  program  is  to  correlate  the  EEP  with  the 
EEA  performance  rather  than  the  sediment  type,  the  marker  buoys  at  this  site  were 
{dated  at  the  EEA  location  rather  than  the  ewe  location.  Core  3  and  EEA  3  were  suffi¬ 
cient!}  dose  to  allow  direct  comparison  of  the  EEA  and  sediment  data. 

The  core  sample  logs  for  the  test  sites  are  not  uniform  in  engineering  soils  in¬ 
formation.  They  were  collected  over  a  number  of  years  by  different  agencies  using  a 
variety  of  coring  devices.  Qualitative  judgment  musl  be  used  in  comparing  core  data 
from  different  sources. 

The  buoys  at  Chesapeake  Sites  2  and  3  were  furnished  and  placed  courtesy  of 
the  U.  S.  Coast  Guard.  At  all  other  sites  except  9  and  10.  navigation  buoys  already  ex¬ 
isted.  The  buoys  at  Key  West  Test  S’tcs  1  and  4  were  placed  courtesy  of  the  Boat  Divi¬ 
sion.  U.  S.  Naval  Station.  Kr*  West.  Florida. 

3.  Preliminary  En^neering  Design  Tests  (EDT^— July  1971.  In  July  1971.  an 
Engineering  Design  Test  was  conducted  jointly  by  USAMERDC  and  the  U.  S.  Coast 
Guard  Field  Test  and  Development  Center.  Curtis  Bay.  rdaryland.  The  EEP  was 


*john  A.  Christians  and  Edward  P.  Mrishur.'rr.  "Development  of  Mulli-Lce  Mooring  .System.  Phase  A -Explosive 
Embedment  Anchor.”  USAMERDC  Rep/rt  1 909- A.  December  1967. 
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«&cpflore<nr3  frosa  tfiae  W5SS  wfe&r  liar  1.08-3  rtiwwd!  by  So  pmoaw&r  wa-sctr  «spport  eapoMEi y . 
Tbur  SBbSjt  JnajSfcf  wemr  ■AnDCtmaenS  oea  liar  lOt8  oasliB  liar  p«ip«r  hcagflta  was  ntacfaoi.  il 
was*  mowsfare  !o  notzJr  !<c*t  itlmf  *r»«ai  thaws  soE^jJ  the  ilcLr  &n2g|B*  y  ari«5r«!  xn  TvJfasr- 
Ibocj  ftoffcir  «*»E*atsnafcaralc  with  liar  jKaSnatial  sSiffracss. 

x  Test  frotnhtr.  A  asoddbsr  workshop  was  pitwrd  its  ibr  aiw>  lilrrk.  of 
alar  IjOI-S  lo  provide  liar  work  -parr  ausd  toofc  r&oocssaffy  lo  short  era  liar  praetrosawlieir 
ilui»  «a  sir.  The  ggatriagad.  pftirSrwwitt*.  oamal  aarlnr.  propwSxal  carrtriidg'es  asad 
ollarr  uaifcrinbaacoet#  equipment  «or  lotinJ  in  liar  aectAop  mnn^tl.  The  propdbnl 
ailrid^iRf  were  *lo«ni  under  pnniiiaffif  of  46  CFR  146.02-16.  Cwnfiozlkai  vilh  the 
Ozpl aan  of  liar  Pori  was  zcrompl&heA  ihrvezzfa  ihf  USAMERDC  Mail*-  Farfd  Office. 
Ezrfa  Am y.  liar  LOl-S  anchored  near  liar  lest  sir  and  liar  gunrtafisL  propdlaal  tail 

ridges  and  personnel  Irarritimi  to  the  MSB  for  the  lest.  The  MSB  then  named  to  lire 
left  sir  and  was  anchored  or  tied  to  a  marker  him-. 


Guireni  speed  data  ww  csflrried  on  5 hr  ijCM-Susn's  Marine  Advisers. 
I  nr..  Modd  Q-3  dueled  water  currenl  meter. 

After  the  USAMEHDC  personnel  completed  testing  at  a  site,  the  MSB 
returned  lo  the  LCM-8  and  deposited  the  USAMERDC  personnel  and  transported  the 
Coart  Guard  personnel  to  conduct  their  tests.  Based  on  data  just  collected.  ISAM  ERIK’ 
personnel  could  then  modify  fluke  length  in  preparation  for  the  next  lest. 

The  workshop  on  the  LCM-8  proved  a  valuable  asset.  All  equipment  dif¬ 
ficulties.  with  the  exception  of  a  parted  weld  on  the  EEP  deck  frame,  could  be  handled 
on  the  LCM-8  without  returning  to  the  dock. 


h.  Data  and  Results.  The  EEP  was  fired  23  times,  in  waves  up  to  2'e  feet, 
winds  up  to  20  knots,  water  depths  of  55  feet,  and  current  in  excess  of  2  knots.  One 
complete  cycle  (loading,  firing,  retrieval)  in  light  seas  and  45  feet  of  water  requires  ap¬ 
proximately  6  to  8  minutes- 

Thc  data  collected  during  the  test  arc  shown  in  Appendix  B.  The  results 
indicate  that  a  fluke  length  of  1-1/8  inches  would  produce  (he  desired  correlation. 

c.  Discussion. 

( I )  During  three  extraction  tests,  the  serve  cable  failed  under  low  loads. 
Two  shots  were  fired  at  Test  Site  No.  4.  which  is  located  near  a  wreck.  Magnavox 
engineers  indicate  that  bottom  debris  can  damage  the  serve  cable  as  it  penetrates 
the  ocean  floor.  They  also  described  how  a  swage  fitting  failure  can  he  distin¬ 
guished  from  a  serve  cable  failure: 
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(a)  Iff  Eibr  ware  ac&&  ammwr  wc w  Elbe  same  Beo^fh  al  ihe  rod.  ibr 
caJbftr  wan-  dbaaagydi  ats  i!  p/trxtrxtm&  titrr  oceans  LoBIom  and  faded  em&er  Ehe 


Hoad  off  Eibr  SnydradSe  waarfa  daria;  the  .+ol*f*iqeinal  lest. 

Iff  liar  wnur  esErandoil  heyomd  the  amour.  liar  wine  wats  ped3rd 
wal  off  Blar  *was**-  filliaqg.  TSsr  aunmwr  was  re-amoved  «5sariE>g  fcalriraliwa  so  "iaal 
liar  wore  wte!  fill  into  the  swaigr  filIin*S- 

(2)  The  EEP  was  deployed  in  csairak  that  wnt  #troo*  enough  In 
camasr  liar  LCM45  In  drag  anchor  atf*  make  aminlr  eurrtr?!  arataftocnlf  impos- 
siMe.  In  jItw^  »anwiL<.  l!w  gaitflanl  aaf  ofciwd  lo  descend  lo  the  o«aa  fliyjr 
at  ala^ru^jle  from  tbr  rnlid.  There  n<  no  obvious  effect  on  the  da  la. 

(3)  On  the  fir',  day'  of  operation,  the  MSB  «s  moved  to  Test  Site 
No.  6.  Scdb  of  at  least  4  feet  developed  and  the  MSB  started  hack  to  the  dock. 
Bough  surface  conditions  required  the  MSB  to  slow  down  and  stay  inside  the 
wake  of  the  IXM-S.  That  condition  appeared  to  be  the  safe  limit  of  operation  for 
the  MSB  with  the  added  wd^i!  of  the  EEP  and  was  well  beyond  the  limit  erf  com¬ 
fort  of  the  crew. 

(4)  The  EEP  ras  find  on  all  occasions  with  the  MSB  anchored  or  tied 
to  a  marker  buoy  with  the  how  into  the  sea. 

(5)  The  sedimr.  ,1  retrieved  on  the  flukes  of  the  projectile  provided 
additional  information  that  is  useful  in  assessing  the  type  of  sediment  present  at 
the  test  site. 

(6)  Equipment  performance  was  as  Allows; 

(a)  Gunstand.  The  gunstand  functioned  well  during  the  tests. 
Some  corrosion  was  noted  on  lire  hydrostatic  lock  and  firing  mechanism. 

*  v 

That  problem  was  later  corrected  by  applying  a  more  nigged,  sall-walcr- 
rcsistant  plating. 

(b)  Hydraulic  Winch.  In  choppy  waters,  the  MSB  had  a  tendency 
to  list  under  the  weight  ol  the  hydraulic  winch  (approximately  250  pounds) 
on  the  tern  deck.  At  cruising  speed,  the  MSB  had  a  strong  tendency  to  roll 
and  v.as  "stern  heavy To  move  its  weight  to  a  lower  position  and  diminish 
its  effect  on  tin  handling  characteristics  of  the  MSB,  the  winch  was  later  re¬ 
designed  to  he  mounted  on  the  floor  (Fig.  4fl).  Racing  the  hydraulic  winch 
on  the  floor  allowed  the  following  additional  modifieatioa<: 
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L  Uotiow  Ibe  teuioada  dement  from  c*er  the  stern  and 
pbdn»'l  on  the  stern  deck  to  increase  actmUitr. 

i  Rotating  the  boom  up  oter  the  stern  to  remove  the  wire 
rope  from  the  water  while  the  MSB  was  underway. 

(c)  Temie— eter-Fooiage  Counter.  On  ihr  first  day  of  testing,  a 
large  error  was  noted  in  the  tensiometer.  It  indicated  only  750  to  800  pounds 
when  the  shear  pin  faded  at  1500  pounds.  Using  an  in-line  tensiometer,  a 
calibration  curve  was  made  so  that  the  data  previously  collected  could  be  used. 

At  the  conclusion  of  EOT.  the  tensiometer  teas  returned  to 
the  Martin-Decker  Corporation  for  inspection  and  calibration.  They  indicated 
that  there  were  no  apparent  malfunctions  in  the  tensiometer.  The  error  may 
hate  been  caused  by  air  trapped  in  the  line. 

The  instruction  manual  supplied  by  Martin-Decker  was  found 
to  be  of  little  value.  The  descriptions  of  mounting  and  fluid  charging  proce¬ 
dures  were  inadequate  and  the  diagrams  were  mismarked  and  erroneous. 

The  footage  counter  would  not  work  with  just  the  weight  of 
the  gunstand  (55  pounds)  on  it.  The  manufacturer  stated  that  it  was  designed 
to  operate  at  a  minimum  load  of  150  to  170  pounds. 

An  idler  wheel  or  fourth  sheave  should  be  used  to  increase  the 
friction  between  the  wire  rope  and  the  counting  sheave. 

In  the  original  configuration,  the  tensiometer  is  hung  over  the 
stern  of  the  MSB.  When  the  vvi-c  rope  Is  slack,  it  is  not  confined  in  the  sheave, 
and  a  man  mu^t  climb  over  the  stern  and  place  the  wire  rope  back  on  the 
sheave. 

d.  Penetrometer  Boom.  The  wire  rope  was  drawn  into  the  MSB  propeller 
when  the  operator  neglected  to  insure  that  the  wire  rope  was  clear  of  the  propeller  be¬ 
fore  getting  underway.  Removing  the  boom  (and  therefore  the  wire  rope)  from  the 
water  is  an  adequate  solution.  Moving  the  tensiometer  to  the  deck  allowed  the  boom 
to  he  rotated  up  over  the  stern.  A  hand  winch  is  provided  for  that  purpose. 

4.  Final  Engineering  Design  Test.  Following  the  finalization  of  the  penetrometer 
fluke  length,  a  test  program  was  undertaken  to  establish  a  correlation  between  the  pene¬ 
tration  and  extraction  forces  of  the  EEPand  EEA.  The  lest  was  conducted  at  the  loca¬ 
tions  where  ciala  were  available  from  previous  XM-200/XM-50  EEA  Engineering  Design 
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Tests.  A  description  of  the  tests  and  enquired  data  follows.  The  results  extracted  from 
the  data  are  discussed  in  paragraph  DI  R. 

a.  Chesapeake  Bay  Tests— O  ctober  1971.  The  procedure  followed  during 
preliminary  EDT  (paragraph  III  D)  was  used  during  the  final  EOT  at  the  Chesapeake 
Bay  test  site*. 


N  inctcen  projectiles  were  fired  at  Test  Site  3  in  approximately  4  hours. 
The  MSB  was  tied  to  the  marker  buoy  in  all  cases.  No  other  test  sites  were  used.  The 
sea  was  calm,  visibility  excellent  and  the  winds  light.  Wave  heights  and  period  are 
shown  in  Appendix  C. 

(1)  The  penetration  and  extraction  forces  of  the  EEP  are  shown  in 
Appendix  C. 

(2)  Before  the  test,  considerable'  effort  was  expended  in  cleaning  the 
rust  from  the  base  of  the  penetrometer  barrel.  It  had  corroded  to  the  point  that 
the  shank  of  the  projectile  would  not  fit  into  the  barrel.  Steel  wool  and  oil  were 
used  to  remove  the  rust.  Care  must  be  taken  to  lubricate  the  barrel  after  each 
EDT  to  prevent  corrosion. 

The  leg  guards  on  the  gunstand  came  loose  at  the  bottom  when 
the  fasteners  failed  in  three  successive  firings.  The  gunstand  was  modified  to  cor¬ 
rect  that  deficiency  by  welding  on  leg  guards  of  circular  cross-sections  as  discussed 
in  paragraph  II  B. 

During  the  test,  it  was  noted  that  the  shear  pins  failed  at  loads 
somewhat  higher  than  the  1500  pounds  ±  100  pounds  specification  required  by 
the  purchase  description  of  the  contract.  The  USAMERDC  Materials  Research 
Support  Division  checked  six  pins  for  diameter  and  hardness  and  found  them  to 
be  0.1416  (within  specification)  and  85.5  Rockwell  “B,”  respectively.  This  is  in 
excess  of  the  68-70  RB  limit  set  by  laboratory  tests  during  the  development  of 
the  equipment.  The  remaining  shear  pins  were  replaced  by  Magnavox  with  pins 
that  meet  the  specifications. 

b.  Potomac  River  Tests— November  1971.  Six  penetrometers  were  fired  at 
Potomac  River  Test  Sites  2  and  3  (Appendix  A).  At  Test  Site  3,  the  U.  S.  Coast  Guard 
fired  two  projectiles  currently  under  development  by  the  Field  Test  and  Development 
Confer. 


( I )  The  data  collected  arc  shown  in  Appendix  I). 


(2)  The  first  shot  was  over  the  slope  on  the  side  of  the  river  channel 
and  apparently  struck  an  object,  causing  the  serve  cable  to  fail.  Divers  and  side 
scan  sonar  have  verified  that  the  area  is  littered  with  trees  and  boulders. 

The  succeeding  three  shots  were  fired  in  the  channel.  It  was  found 
that  the  bottom  was  so  soft  that  the  gunstand,  on  occasion,  would  not  fire  when 
it  was  lowered  with  the  winch.  The  procedure  for  firing  in  this  condition  was  de¬ 
rived  during  this  test  and  is  discussed  in  paragraph  III  C. 

Two  penetrometers  were  fired  in  the  vicinity  of  Buoy  54  at  Site  2. 
Currents  were  visually  estimated  to  be  in  excess  of  3  knots.  Since  only  visual  navi¬ 
gation  was  used,  approximate  locations  were  obtained. 

c.  Key  West,  Florida  Test— February  1972.  The  Key  West  test  sites  are 
near  Middle  Sambo  Key,  WU  miles  offshore  and  12  miles  from  the  U.  S.  Navy  Station 
(Appendix  A).  Weather  conditions  change  rapidly  in  that  area,  and  2-  to  4-foot  seas 
are  the  normal  conditions. 

Seas  of  4  to  8  feet  were  expected  during  the  test  period,  and  it  would 
be  unwise  to  traverse  12  miles  of  rough  seas  in  the  MSB  if  bad  weather  developed; 
therefore,  the  equipment  was  mounted  on  a  63-foot  Laboratory  Boat  provided  by  the 
Naval  Station  Boat  Division. 

(1)  The  extraction  and  penetration  values  are  shown  in  Appendix  E. 

(2)  Four  projectiles  were  fired  at  Test  Site  1.  The  penetration  of  three 
projectiles  was  4  to  5  feet,  while  the  fourth  apparently  did  not  penetrate  and  was 
retrieved  with  a  bent  shank.  One  projectile  penetrated  5  feet  and  was  retrieved 
with  the  flukes  closed  and  small  pieces  of  hard  coral  trapped  between  the  flukes 
and  the  shank.  The  shank  was  also  bent  (Fig.  53). 

The  nautical  charts  indicate  “rock”  approximately  800  yards  west 
of  Test  Site  1 .  This  area  is  actually  hard  coral.  At  Test  Site  I ,  serve  cable  lengths 
of  29  feet  were  used  in  anticipation  of  limited  water  depths,  as  outlined  in  para¬ 
graph  III  B. 


Four  projectiles  were  fired  at  Test  Site  4,  where  penetrations  of 
14  to  28  feet  were  recorded.  These  shots  were  not  all  in  the  same  location  because 
the  boat  dragged  anchor  at  times  during  the  test.  Recovered  projectiles  had  soft 
white  sediment  on  the  flukes.  A  current  profile  was  taken  at  Site  4.  Since  the 
boat  was  dragging  anchor  during  part  of  the  test,  the  curve  is  not  very  reliable.  If 
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iC  m  ua&fi.  Riomuraunr.  a  (tnmntml  of  3  to  45:  knots  v»  present  in  the  bottom  10  ft's! 
•*6  tiitr  wogsrr  e»>fenni. 


fobetfast  bboratory  tests  (paragraph  III  F)  showed  that  the  gun- 
i&mS  «*iS  ajSfiinw  xa  ae^r  of  approximately  45°  from  the  vertical  in  that  current. 

Os  owe  onasioei,  the  wire  rope  became  wedged  between  previous 
wugw-rett!  g&r  lOnsaB  wfcjr  the  extraction  test  was  performed.  Some  effort  was  re- 
<purrci£  &w  jet  SS>r  wrarr  rope  oat  with  *  bar. 

EL  fcwwfts. 

TTttir  &cS«ww*^  refEEt-f  were  iLftrarid  from  the  data  collected  during  the  final  EDT 
S  %§5»ro<£c«-  C.  5>.  xaffl  EJ. 

1.  EEf*  Peartiaoos.  The  following  penetration  values  are  characteristic  of  vari- 
«»  !»j«>  *&  mn  bottom  wdapoalwi. 

EEP  Penetration  (Feet) 

Cora!  5 

SewS  12 

>assd(iOit)orerday  16 

S;  and  dbry  19 

Mud  *  29 

2.  EE?  Extraction  Forces.  The  following  values  are  representative  of  the  forces 
n«3e3Pc< s  w  extract  the  EEP  projectile  from  various  sediments. 


Material 

EEP  Force  (Pounds) 

Sand 

1300-1500  (Shear  Pin  Failure) 

Oav 

700-1100 

Mud 

Less  than  500 

3.  EEP  Venus  XM-200  EEA  Penetrations.  Considerably  more  penetration  and 
ipfi idiag  power  data  are  available  for  the  XM-200  EEA  than  for  the  XM-50  EEA.  Conse¬ 
quently-  the  EEP  was  correlated  to  the  XM-200  EEA. 

The  XM-200  EEA  and  EEP  penetrations  in  a  variety  of  ocean  bottom  compo- 
sjtivwe  axe  nv?wn  in  Fig.  54.  The  ratio  of  the  penetrations  of  the  EEP  and  the  XM-200 
ta  \  v-  ««>t  consistent.  However,  a  usel  ul  approximation  is  1 : 1 .7  or 
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^EEP  "  P200 

A  comparison  of  the  XM-200  EEA  EDT  data  with  the  limited  quantity  of 
XM-50  EEA  EDT  data  shows  that  the  penetrations  of  the  two  anchors  are  approximate¬ 
ly  the  same. 


Fig.  54.  Explosive  embedment  penetrometer  and  XM-200  explosive  embed¬ 
ment  anchor  penetration  in  various  ocean  bottom  compositions. 


4.  EEA  Holding  Power  Correlation  Chart. 

a.  The  penetrations  and  holding  powers  of  the  XM-200  EEA  have  been  cor¬ 
related  with  tiie  penetration  and  extraction  force  of  the  EEP  and  compiled  in  chart  form 
(Table  IV). 
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Table  IV.  Explosive  Embedment  Anchor  Holding  Power  Correlation  Chart 


EXPL 

EMBEE 

PENETRl 

OSIVE 

IMENT 

METER 

EXPLOSIVE 

EMBEDMEI 

il  ANCHOR 

PENETRATION 

(FT) 

EXTRACTION 

FORCE 

(LB') 

XM  -  200 

HOLDING 

POWER 

XM  -  50 

HOLDING 

POWER 

HOLDING 

POWER 

RATING 

10 

1500 

1000 

.1 

m  "  ,■  ’ 

50,000 

37,500 

100% 

VERY 

GOOD 

,  75% 

17 

700 

■ 

■ 

GOOD  74% 

FAIR  30% 

22 

i 

400 

35,000 

7,000 

MARGINAL 

I 

35 

i 

•  i 

i 

t 

i 

POOR 

1 

b.  The  holding  power  of  an  EEA  at  a  location  can  be  predicted  by  enter¬ 
ing  the  chart  on  the  right  with  either  the  EEP  penetration  or  extraction  force  at  the 
location.  The  EEA  holding  power  and  rating  are  read  on  the  left.  If  the  extraction 
force  and  penetration  do  not  give  the  same  results,  use  the  one  that  yields  the  most 
conservative  answer.  The  holding  powers  of  the  XM-200/XM-50  EEA  have  been  rated 
as  percentages  of  the  maximum  holding  powcr.2 '  ■ 


9  % 

11.  C.  Mayo,  “Installing  and  Mooring  Test  or  Multi-Leg  Tanker  Mooring  System  Incorporating  Explosive  Embed¬ 
ment  Anchors  (F.T/ST,  1766).”  Unpublished,  U.  S.  Army  Mobility  Equipment  Research  and  Development  Center. 
Januarv,  1968. 
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c.  In  some  areas,  stiff  sediments  may  overlay  a  soft  sediment.  When  the 
EEP  is  drployed,  it  may  pass  through  the  stiff  sediment  to  the  soft  sediment  below. 
When  extraction  is  begun,  readings  commensurate  With  the  soft  sediment  will  be  ob¬ 
served.  As  the  projectile  encounters  the  underside  of  the  stiff  sediment,  the  extraction 
force  will  increase  and  the  shear  pin  may  fail. 

The  depth  of  the  projectile  at  failure  (i.e.,  the  thickness  of  the  stiff  sedi¬ 
ment)  can  be  calculated  employing  the  procedure  outlined  in  paragraph  III  B.  A  depth 
of  as  little  as  12  feet  will  indicate  that  the  EEA  may  be  considered  to  have  a  fair  hold¬ 
ing  power.3 


Depth  values  indicating  a  thickness  of  less  than  12  feet  should  be  con¬ 
sidered  marginal  and  it  may  be  advisable  to  test  a  new  site  or  deploy  two  EEA’s  in 
tandem. 


d.  A  study  by  Vcsec4  indicated  that  surge  loading  (i.e.,  a  wave  lifting  the 
‘  MSB  during  the  extraction  test)  in  this  case  would  not  be  of  great  significance.  Exami¬ 
nation  of  the  data  does  not  indicate  that  this  loading  condition  produces  a  disparity  in 
the  results,  and  no  extensive  testing  was  undertaken  to  establish  its  effects  conclusively. 
The  test  sites  were  generally  too  far  offshore  to  permit  testing  in  rough  water.  In  its 
early  configuration,  the  hydraulic  winch  detracted  significantly  from  the  rough  water 
handling  characteristics  of  the  MSB. 

F.  Gunstand  Excursion  Characteristics. 

i 

A  study  was  undertaken  to  determine  the  contribution  of  ocean  current  to  the 
deflection  of  the  gunstand  from  the  vertical  and  to  the  excursion  of  the  gunstand  from 
a  point  directly  under  the  MS3.  The  above  objectives  were  accomplished  by  towing  the 
gunstand  in  a  tank  and  measuring  the  angle  of,  and  forces  on,  the  end  of  the  two  cable 
and  by  using  those  values  as  boundary  conditions  for  an  equation  of  the  current  forces 
on  the  EEP  wire  rope. 

1.  Tow  Tank  Test.  The  construction  of  the  gunstand  is  such  that  the  mass  is 
concentrated  in  the  head,  while  the  drag  force  due  to  current  is  concentrated  predomi¬ 
nately  on  the  legs.  Preliminary  calculations  and  observations  indicated  that  the  effect 
of  current  on  the  gunstand  should  be  investigated  in  detail.  The  test  was  undertaken 
by  Hydronautics,  Inc.,  in  February  1972. 

o 

See  Christians  and  Mcisburger,  "Development  of  Multi-Leg  Mooring  System,  Phase  A— Explosive  Embedment 
Anchor."’  Figure  F-12,  USAMERDC  Report  1909-A,  December  1967. 

^Alcksander  S.  Vcsec,  “breakout  Resistance  of  Objects  Embedded  in  Ocean  Bottom,”  Duke  University,  Durham, 
North  Carolina,  May  1969. 
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a.  Test  Procedure.  The  gunstand  was  suspended  in  the  tank  below'  the  car¬ 
riage  that  traverses  the  length  of  the  tank.  The  cable  suspending  the  gunstand  from  the 
carriage  was  attached  to  a  transducer  that  measures  vertical  and  horizontal  forces:  The 
resultant  of  these  forces  is  the  cable  tension  and  the  ratio  is  the  angle  that  the  gunstand 
makes  with  the  vertical. 

A  Nikon  Motor  Driven  Underwater  Camera  was  placed  at  mid-tank  op¬ 
posite  a  grid.  As  the  carnage  travels  along  the  tank  and  the  gunstand  passes  between 
the  camera  and  grid,  a  photograph  is  taken  and  the  angle  between  the  gunstand  and 
grid  is  measured  from  the  photograph  and  used  to  check  the  results  obtained  from  the 
force  transducer.  Carriage  speeds  of  54,  1 , 2. 3, 4,  and  454  knots  were  used. 

b.  Results.  Regardless  of  the  orientation  of  the  gunstand  in  still  water.  :hc 
current  rotates  it  so  that  the  dosed  ride  of  the  C-ring  reinforcement  points  in  the  direc¬ 
tion  of  motion.  At  slow'  speeds,  however,  the  profile  presented  to  the  current  may  rot 
lie  completely  symmetric. 

The  horizontal  and  vertical  components  of  force  at  the  end  of  the  cable 
is  shown  in  Fig.  55.  The  angle  that  the  gunstand  makes  with  the  vertical  (angle  between 
the  forces  in  Fig.  55)  is  shown  in  Fig.  56.  Tnc  angle  increases  linearly  with  current  up 
through  3  knots.  The  cable  tension  (resultant  of  the  force  components)  is  shown  in 
Fig.  57. 


The  angles  obtained  from  the  photograph  and  the  transducer  are  com¬ 
pared  in  Fig.  58.  The  photographic  data  show  that  the  gunstand  is  at  a  somewhat  larger 
angle  than  the  cable.  AT  2  knots,  the  deviation  is  an  insignificant  3°.  Figures  59  and  60 
arc  representative  of  the  photographic  data.  They  represent  current  velocities  of  2  knots 
and  4  knots,  respectively. 

c.  Penetration  Error  Assessment.  The  error  induced  in  the  penetration  by 
the  current  acting  on  the  gunstand  is  assessed  by  considering  two  extreme  cases  with 
the  understanding  that  the  common  case  falls  between  the  two  extremes. 

If  the  penetrometer  is  fired  into  the  bottom  at  an  angle  of  incidance  <p, 
the  ensuing  extraction  test  will  fall  between  two  extremes  as  shown  in  Fig.  61. 

(1)  Stiff  Sediment  (Line  A).  Determining  the  penetration  by  Method 
I  (paragraph  III  C),  the  gunstand  is  raised  until  the  serve  cable  is  fully  deployed 
and  an  increase  in  load  is  indicated.  If  a  stiff  sediment  is  present,  it  will  resist  the 
effort  of  the  serve  cable  to  «cek  a  straight  line  between  the  gunstand  and  the  pene¬ 
trometer.  The  indicated  penetration  will  be  greater  than  the  vertical  penetration. 
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Z  FROM  VERTICAL 


PHOTOGRAPHIC 


TRANSDUCER 


«1WSLC 

GUN 

CABLE 

CABLE 

& 

2 

2 

2 

2 

27 

24 

23 

4 

47 

41 

48 

fi*.  58.  Compxrisioa  of  phei«*rap(»c  zod  font  transducer. 


Earn  though  ibr  ttrlicd  ptndntion  if  tdiicdL  it  still  »i»ts  an  indication  of  the 
sediment's  ability  to  nrajl  the  movement  of  the  piojrdic 

(2)  Soft  Sediment  (line  B).  In  this  «t.  the  projectile  enters  the  sed i- 
roent  at  an  angle  p.  and  under  the  force  of  the  extraction  left,  the  cable  moves 
through  the  sediment  from  position  A  to  position  B.  The  sediment  is  soft  and  the 
anchor  remains  in  place  while  the  cable  is  moved  toward  the  vertical. 

The  vertical  penetration  inchoated  tin  this  case  will  he  less  than  the 
actual  penetration  by  a  factor  directly  proportional  to  the  cosine  of  the  angle  of 
incidence. 


Since  the  sediment  is  soft.  Method  II  could  also  be  used  to  obtain 
a  more  accurate  estimation  of  the  vertical  penetration. 

In  both  cases,  the  extraction  force  will  also  supplement  the  infor¬ 
mation  obtained  from  the  penetration  values. 

(3)  Common  Case  (Line  C).  In  the  cases  most  commonly  occurring 
in  actual  sediments,  the  cable  will  follow  a  path  similar  to  Line  C  when  the  |.*.ic- 
tration  is  measured.  It  will  then  he  between  Case  A  or  B. 

Ix-tting 

P  =  vertical  depth  of  the  projertii" 

P  =  pcnciration  of  EEP  projectile  into  ocean  floor 
and  applying  Method  1  (paragraph  III  l»). 
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•'ifj.  r><).  l>)i()lopii|)li  of  in  u  2*knot  rurmil. 


Pv  =  C-Hj  -R,  -(H-Pv) 


-  C-H,  -R,  -[C-H,  -(Cos  0  (C-H,  -R, ))] 


=  (C-H,  -R, )  Cos  0 
or 

Py  =  P  Cos  0 

Therefore,  the  maximum  error  between  the  recorded  penetration 
and  the  vertical  penetration  is  proportional  to  the  cosine  of  the  angle  of  incidence 
of  the  gunstand  and  is  independent  of  the  serve  cable  length  and  other  factors. 

Figure  62  shows  the  current  speed  versus  maximum  possible  error. 
It  is  emphasized  that  these  are  maximum  values  for  a  hypothetical  soft  sediment.. 
The  error  in  a  real  sediment  will  be  less  than  these  values. 

The  requirements  to  which  the  EEP  was  designed  state  a  limit  of 
2  knots  of  current.  Figure  62  shows  that  the  maximum  penetration  error  is  10 
percent.  This  is  not  significant  in  view  of  the  fact  that  extraction  force  values  will 
also  help  to  give  a  more  accurate  indication  of  the  sediment’s  strength. 

I 

' 


CURRENT 

(KNOTS) 

ANGLE  OF  INCIDENCE  ' 
(DEGREES) 

MAXIMUM  ERROR 
(PERCENT) 

1 

7 

1 

2 

24 

10 

3 

40 

24 

4 

48 

32 

NOTE:  THESE  VALUES  WERE  DERIVED  FOR  A  HYPOTHETICAL  CASE.  THE  ERROR  IN  A  REAL  SEDI-  ! 

WENT  WILL  BE  LESS  THAN,  BUT  MAY  APPROACH,  THESE  VALUES.  ( 

Fig.  62.  Maximum  error  of  penetration  data  vs  current  velocity. 


2.  Excursion  Determination.  The  excursion  of  the  gunstand  from  under  the 
MSB  and  the  amount  of  wire  rope  required  to  reach  the  ocean  bottom  can  be  deter¬ 
mined  theoretically. 
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where  w  =  weight  of  the  cable  per  unit  length 
dv  =  vertical  component  of  drag  (lift) 
dH  =  horizontal  component  of  drag 
Fc  =  force  exerted  on  the  cable  by  the  gunstand 

Pi  =  Fcsin  «.  . 

F2  =  Fg  cos  a; . 


aj  -  angle  between  the  wire  rope  and  the  horizontal  at  the  gua«land 

This  equation  was  programmed  for  a  digital  computer  to  integrate  the  equa¬ 
tion  from  the  gunstand  up  the  cable.  The  force  of  the  gunstand  (Fc )  and  the  initial 

5Sighard  F.  Hocmcr,  “Fluid-Dynamic  Drag.”  Published  by  (hr  aiilhor,  1965. 
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angle  (a-t)  were  determined  experimentally  during  the  tow  tank  test. 

The  excursion  of  the  gunstand  at  various.currents  is  shown  in  Fig.  64.  The 
graph  is  entered  on  the  right  side  with  the  water  depth  (d)  and  read  across  to  the  appro¬ 
priate  current.  Dropping  vertically  from  that  point  on  the  current  speed  curve  yields 
the  distance  (x)  of  the  gunstand  from  a  point  directly  below  the  stern  of  the  MSB. 


EXCURSION  CHARACTERISTICS 
OF 

EXPLOSIVE  EMBEDMENT  PENETROMETER 


Fig.  64.  Gunstand  excursion  as  a  function  of  current  velocity  and  water 
depth. 


Figure  65  shows  how  much  wire  rope  must  be  paid  out  to  allow  the  gunstand 
to  reach  t he  bottom  in  various  currents. 

In  a  2-knot  current  and  1 20  feet  ol  water  (the  limiting  conditions),  1 38  feet 
of  cable  musi  be  paid  out  to  reach  the  bottom. 


133 


IV.  CONCLUSIONS 


It  is  concluded  that: 

1 .  Mooring  Site  Survey  Equipment  can  determine  the  suitability  of  an  offshore 
area  for  the  deployment  of  the  Multi-Leg  Tanker  System.  The  AUSE  and  EEP  comple¬ 
ment  each  other  to  achieve  the  mission  with  a  degree  of  accuracy  and  reliability  that  is 
not  equaled  by  the  deployment  of  one  of  the  components  alone. 

2.  The  combination  of  a  sub-bottom  profiler  and  side  scan  sonar  is  far  more 
valuable  than  either  alone.  The  side  scan  sonar  aids  in  the  identification  of  the  surface 
sediments  on  the  sub-bottom  profiler. 

3.  The  side  scan  sonar  can  identify  manmade  objects,  natural  terrain  features 
and  ocean  bottom  surface  sediment  characteristics. 

4.  The  sub-bottom  profiler  can  detect  discrete  sediment  layers  approximately 
I  foot  in  thickness. 

5.  The  sub-bottom  profiler  can  determine  the  general  sediment  type  of  the 
ocean  floor  and  can  distinguish  between  sand,  rock,  mud,  and  clay. 

6.  Limited  testing  has  shown  that  enlisted  personnel  of  MOS  51G  with  proper 
training  and  sufficient  experience  can  operate  the  AUSE. 

7.  A  correlation  exists  between  the  penetration  and  extraction  forces  of  the 
EEP  and  the  penetration  and  holding  power  of  the  USAMERDC  XM-200/XM-50  EEA. 

8.  The  Mooring  Site  Survey  Equipment  can  be  deployed  from  a  25-foot  Coast 
Guard  Motor  Surfboat  in  light  seas. 
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Chesapeake  Bay  Test  Site  Locations 
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Chesapeake  Bay  Test  Sites 
Core  Sample  Log 


Site  3(C) 


Classification 


CH-OH  clay  and  silt, 
little  organic 
matter 
dark  grey 
(occas.  traces 
of  sand) 


Site  3(D) 


Classification 

SM 

fine  sand,  little 
silt,  dark  grey- 
brown 

fine  to  coarse  sand 
trace  of  silt, 
brown 

SP 

SP 

fine  to  med.  sand , 
brown 

SC 

sand  &  shell,  gray 

9 

12 

silt  &  clay,  some 
very  fine  sand  & 
shell  frag., 
dark  grey 

very  fine  sand  & 
slit,  dark  grey 


lenses  of  peat  & 
silt 


Chesapeake  Bay  Test  Sites 
Core  Sample  Log 


Site  3(E)  Site  3(F) 


PR 

Classification 

Depth 

PR 

Classification 

6 

SP 

fine  sand  &  trace 
of  silt 

brown  and  dark  grey 

- 

5 

SP-SM 

fine  sand  &  traces 
of  silt, 

brown  &  dark  grey 

Soft 

SM 

fine  sand,  some  silt, 
dark  grey 

-  5  - 

9 

8 

ML 

mm 

-  10- 

23 

16 

s„ 

fine  to  med.  sand, 
little  silt 

SM 

fine  sand  &  a  little 
silt,  dark  grey 

. 

11 

Soft 

-  15- 

-  . 

Soft 

ML 

silt,  some  clay 
little  sand, 
dark  grey 

3 

2 

MH 

or 

OH 

silt,  some  clay, 
occas.  lens  of 
sand, 
dark  grey 

trace  of  organic  mat 

-  20  ~ 

• 

11 

SM 

fine  to  med,  sand, 

CH 

- 

little  silt, 
dark  grey 

3 

-  25  ' 

3 

MH-OH 

silt  &  clay,  trade 
of  organic  matter, 
dark  grey 
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Chesapeake  Bay  Test  Sites 
Core  Sample  Log 


Site  3(G) 


PR 

Classification  I 

4 

SP 

fine  sand,  traces 
of  little  silt, 
dark  grey  &  brown 

SM 

6 

MH 

silt  &  clay,  trace 
of  sand,  dark  grey, 
slightly  organic 

18 

SC 

sand  &  shell  frag, 
and  clay  &  silt 

38 

SM 

very  fine  sand  & 
silt,  dark  grey 

80 

SM 

very  fine  sand  & 
silt , 
dark  gray 

Depth  PR 


Site  3(H) 


Classification 


fine  sand,  little 
silt,  tr.  organic 
matter,  dark  grey 


fine  to  course  sand 
trace  of  silt,  grey 


fine  and  med.  sand 
eP  cM  in  layers  with  trac 
of  little  silt, 
dark  grey 


clay  &  silt  with 
lenses  of  peat, 
dark  blue-grey 


Chesapeake  Bay  Test  Sites 
Core  Sample  Log 


■Site  8 


Site  9 


Chesapeake  Bay  Test  Sites 
Core  Sample  Log 


I 


PR 

Classification 

PR 

Classification 

OH 

organic  clay  & 
silt,  dark  grey 
plasticity  high 

' 

22 

, 

fine  sand,  some 
silt,  trace  of 
shells,  grey 

» 

-  5  - 

•  J 

' 

1 

' 

'  1 

i 

■ 

-  10- 

1 

AO  i 

1 

■ 

> 

1 

-  15- 

-  u 

6 

< 

fine  sand,  some 
silt  pockets,  grey 

1  i 

; 

, 

'  20- 

-  25  - 

6 

i 

1 

1 

, 

I 

' 

i 

' 

JULY  1971  TEST  DATA 
CHESAPEAKE  BAY  TEST  SITES 
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Wave  Data 

Chesapeake  Bay  Bridge-Tunnel 
19-28  July  1971 


Time 

riOOO 

0400 

0800 

1200 

1600 

2000 

1971 

Period  I!f 

Period  Ht. 

Period  Ht. 

Period  Ht. 

Period  Ht. 

Period  Ht. 

(sec) 

(ft) 

(sec) 

(ft) 

(sec) 

(ft) 

(sec) 

(ft) 

(see) 

(ft) 

(sec) 

(ft) 

19  Jul 

0.0 

no  record 

no  record 

no  record 

3.0 

1.0 

3.0 

1.0 

20  Jul 

0.0 

2.5 

0.7 

2.5 

0.7 

0.0 

2.0 

0.7 

3.0 

0.7 

21  Jul 

0.0 

3.5 

2.5 

4.0 

3.0 

3.0 

1.0 

3.0 

1.0 

4.0 

1.0 

22  Jul 

2.5 

0.7 

2.0 

0.7 

2.0 

0.7 

2.5 

1.0 

3.0 

1.0 

3.0 

1.0 

23  Jul 

0.0 

0.0 

4.0 

1.5 

3.5 

1.0 

3.0 

0.7 

4.0 

1.5 

26  Jul 

2.0 

0.7 

2.0 

0.7 

2.0 

0.7 

0.0 

2.0 

1.2 

2.0 

0.7 

27  Jul 

3.0 

1,2 

2.0 

1.0 

2.5 

1.5 

2.5 

1.0 

0.0 

0.0 

28  Jul 

2.5 

0.7 

2.0 

0.7 

2.5 

1.5 

3.0 

1.0 

2.0 

0.7 

0.0 

Obtained  from  U.  S.  Army  Coastal  Engineering  Research  Center,  Washington,  D.  C. 
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OCTOBER  1971  TEST  DATA 
CHESAPEAKE  BAY  TEST  SITES 


Explosive  Embedment  Penetrometer  Test 
Chesapeake  Bay  Test  Sites 
15  Oct  1971 


st  No. 

Buoy  No. 

Penetration  (ft) 

Load  Range  (lb) 

Shear  Point  (lb) 

1 

J 

18 

— 

1900  @  15  ft 

2 

J 

19 

— 

1800  @  12  ft 

3 

C 

— 

400-600 

1500  @  — 

4 

C 

16 

— 

1600  <©  14  ft 

5 

c 

14 

800-1000 

1600  @  12  ft 

6 

D 

8 

— 

1700  @3  ft 

7 

1) 

17 

800-1000 

1500  @  14  ft 

8 

D 

15 

— 

1600  @9  ft 

9 

E 

12 

— 

1600  <®  10  ft 

10 

E 

10 

— 

1700  @9  ft 

11 

E 

14 

— 

1600  @9  ft 

12 

F 

— 

— 

1700  @  — 

13 

F 

17 

400-600  @  1 2-4  ft 

1500  @  2  ft  (?) 

14 

F 

16 

400  @  16  8  ft 

1600  @  1  ft(?) 

15 

F 

17 

400-800  @  10-4  ft 

1500  @  1  ft  (?) 

16 

G 

15 

— 

1600  (®  1 1  ft 

17 

G 

14 

— 

1500  @  11  ft 

18 

II 

16 

— 

1600  @  14  ft 

19 

H 

15 

— 

1500  @  12  ft 
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Wave  Data 

Chesapeake  Bay  Bridge-Tunnel 
12-15  Oct  1971  . 


Date 

Hour 

Significant  Period 

Significant  Height 

12  Oct  71 

1300 

0.0 

1900 

0.0 

13  Oct  71 

0100 

0.0 

0700 

0.0 

1300 

3.0 

0.7 

1900 

0.0 

14  Oct  71 

0100 

3.0 

1.0 

0700 

3.0 

0.7 

1300 

4.0 

0.7 

1900 

3.0 

1.0 

15  Oct  71 

0100 

0.0 

0700 

0.4 

0.7 

1300 

0.0 

1900 

3.0 

1.0 

Obtained  from  U.  S.  Army  Coastal  Engineering  Research  Center,  Washington,  D.  C. 
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APPENDIX  D 


POTOMAC  RIVER  TEST  DATA 


Explosive  Embedment  Penetrometer  Test 
Potomac  River  Test  Sites 
I  Nov  1971 


Location 

Penetration  (ft) 

Max.  Load  (lb) 

Predominant  Load  (lb) 

Comments 

Potomac  R. 

site  2 

24 

1700 

(sheared) 

600-800 
(up  to  20  ft) 

Silty  clay  on 
surface. 

Potomac  R. 

site  2 

18 

1900 

(sheared) 

— 

Pin  sheared  at 
1 1  ft  penetra¬ 
tion. 

Potomac  R. 
site  3 

— 

— 

— 

Broke  cable 
on  firing. 

Potomac  R. 

site  3 

29 

400 

— 

Soft  grey 
silty  clay. 

Potomac  R. 
site  3 

29 

400 

300-400 

— 

Potomac  R. 

site  3 

26 

400 

300-400 

— 
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KEY  WEST.  FLORIDA  TEST  DATA 


C'J 

r- 


o 

ta 

© 


c-n 

w 

f— 


Cfl 

O 

-J 

a. 

X 
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APPENDIX  F 


OPERATOR  TRAINING  COURSE  OUTLINE 


NEW  EQUIPMENT  TRAINING  PLAN  FOR 
ELECTRONIC  UNDERWATER  SURVEY  EQUIPMENT 
CONTRACT  D A AK02-7 1  -C-04 1 0 

PART  I.  CLASSROOM  TRAINING  -  40  hours 

A.  Basic  Sonar  Concepts  —  (4  hours) 

1.  Principles  of  Sonar  in  general  -  (2  hours) 

a.  Sound  Sources 

b.  Hydrophones 

c.  Beam  Patterns  of  Arrays  versus  Frequency 

d.  Attenuation  in  Water  and  Sediment  versus  Frequency 

e.  Source  Level 

f.  Target  Strength 

g.  Noise 

h.  Sonar  Equation 

i.  Amplifiers 

j.  Time  Varied  Grin 

k.  Display  of  Data  (Recorders) 

2.  Seismic  Profiling  Sonar  -  (1  hour) 

a.  Frequencies  Used 

b.  Sound  Sources 

c.  Hydrophones 

d.  Beam  Patterns 

e.  Recorders 

3.  Side  Scan  Sonar  -  (1  hour) 

a.  Concept 

b.  Frequencies  versus  Range/Resolution/Boam  Pattern 
e.  Dual  Channel  Recorder 


B.  Introduction  to  the  Electronic  Underwater  Survey  (EUS)  Equipment 


12  hours 

1 .  Recorder  —  (8  hours) 

a.  Driver  Circuit  5  kHz 

b.  Driver  Circuit  100  kHz 

c.  Sonar  Amplifier 

d.  5  kHz  Amplifier 

e.  Trigger  and  Gate  Module 

f.  Negative  Ramp  Generator  Module 

g.  Print  Amplifier 

h.  Switching  Circuit 

i.  Test  Circuit 

j.  Power  Supplies  and  Inverter 

k.  Miscellaneous 

2.  Side  Scan  Towed  Body  -  (2  hours) 

3.  Seismic  Profiler  -  (2  hours) 

a.  Towed  Sound  Source 

b.  Hydrophone 

Ooeration  of  EUS  Eauinment  —  10  hours 


1 .  Side  Scan  Sonar  System  -  (4  hours) 

a.  Deployment  of  Towed  Body 

b.  Tow  Depth  versus  Speed  and  Cable  Length 

c.  Range  Controls 

d.  Gain  Control 

e.  Time  Varied  Gain  Settings 

f.  Output  Test  Procedure 

g.  Receiver  Test  Procedure 

h.  Seale  Lines 


2.  Seismic  System  -  (4  hours) 

a.  Deployment  of  Towed  Sound  Source 

b.  Deployment  of  Hydrophone 

c.  Operating  Speed 
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d.  Range  Control 

e.  Module  Control 

f.  Power  Level 

g.  Gain  Control 

h.  TVG  Control 

i.  Output  Test  Procedure 

j.  Receive  Test  Procedure 

3.  Recorder  Operation  in  General  -  (2  hours) 

a.  Paper  Change 

b.  Helix  Blade  Adjustment 

c.  Panel  Light  Intensity 

d.  Fuses 

c.  Event  Mark 

f.  Elapsed  Time  Meter 

D.  Maintenance  of  EL'S  Equipment  —  (6  hours) 

1.  Routine  Maintenance  of  Recorder  -  (2  hours) 

a.  Fuse  Replacement 

b.  Lamp  Replacement 

c.  Helix  Replacement 

d.  Endless  Loop  Electrode  Replacement 

2.  Troubleshooting  -  (4  hours) 

a.  Effect  of  Failure  of  Cards: 

( 1 )  Trigger  and  Scale  Line 

(2)  Negative  Ramp  Generator 

(3)  Print  Amps 

(4)  Transducer  Driver 

(5)  Relay  Boards 

(6)  Sonar  Amps 

(7)  Test  Boards 

b.  Effect  of  Fuse  Failure 

E.  Record  Interpretation  General  -  (6  hours) 
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1 .  Side  Scan  Records  -  (3  hours) 

a.  Density  of  Bottom  Reti\rn 

b.  Size  of  Targets 

c.  Shadows 

2.  Seismic  Records  -  (3  hours) 

a.  Outcroppings 

b.  Stratification 

c.  True  Depth  Determination 

F.  Specific  Application  to  Selecting  Mooring  Sites  —  (2  hours) 

1.  Absence  of  Rocks  and  Outcroppings 

2.  Firm  Sediment 

3.  Depth  of  Sediment 

PA  RT II.  SHIPBOARD  TRAINING  -  40  hours 
A.  Installation  of  Equipment  —  (4  hours) 

1.  Recorder  —  (1  hour) 

a.  Mounting 

b.  Power  Connections 

2.  Side  Scan  Towed  Body  —  (1  hour) 

a.  Tie  point  of  cable  for  various  depths  and  speeds 

b.  Length  of  cable  used  for  various  depths  and  speeds 

c.  Connection  to  Recorder 

3.  Seismic  Sound  Source  —  (1  hour) 

a.  Tie  Point  of  Cable 

b.  Length  of  Cable 

c.  Connection  to  Recorder 

4.  Hydrophone  -  ( 1  hour) 
a.  Use  of  Boom 
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b.  Adjustment  of  Depth  and  Relative  Position  to  Sound  Source 

c.  Connection  to  Recorder 

B.  Operation  of  Equipment  -  (12  hours) 

1 .  Side  Scan  Sonar  -  (5  hours) 

a.  Range  Settings 

b.  Gain  Settings 

c.  Test  Procedures 

d.  Actual  Operation  by  Each  Student 

2.  Seismic  System  —  (5  hours) 

a.  Range  Setting 

b.  Module  Control 

c.  Gain  Setting 

d.  Power  Control 

e.  Test  Procedure 

f.  Actual  Operation  by  Each  Student 

3.  General  Operation  -  (2  hours) 

a.  Blade  Adjustment 

b.  Light  Intensity 

c.  Event  Mark 

d.  Paper  Change 

e.  Actual  Operation  by  Each  Student 

C.  Maintenance  of  Equipment  -  (6  hours) 

1.  Routine  Maintenance  by  Each  Student  —  (2  hours) 

a.  Fuse  Replacement 

b.  Lamp  Replacement 

c.  Helix  Replacement 

d.  Endless  Loop  Electrode  Replacement 

2.  Troubleshooting  -  (3  hours) 

a.  Instructor  Induces  Various  Failures.  Students  endeavor  to 
Ascertain  which  P/C  Card  or  Fuse  has  Failed. 


161 


I 


I 


1 .  Maneuvering  wjth  Towed  Bodies  —  ( 1  hour) 

i 

*  •  ’  I 

a.  Large  Turning  Radius 

b.  Stopping  , 

1  i 

0 

(1)  Haul  in  all  Tow  Lines  to  Minimum  9cope  Prior  to  Stopping. 

(2)  Make  Sure  no  Lihes  are  Under  Boat.  ' 

(3)  Make  Sure  S.  S.  Tdwed  Body  will  not  Strike  Bottom,  i 

1 

c.  Getting  Underway 

•  l 

2.  Recorder  —  (1  hour)  1  1 

i 

•  i  i  i 

a.  Turn  Off  Powerbefore  Opening  any  Covers 

b.  Short  Out  Energy  Storage  Capacitors  before  Servicing 

*  i 

E.  Operation  in  Various  Areas  —  (16  hours)  ,  1  *  . 

1  ,  . 

Repeat  B  in  other  areas  to  attain  more  experience  in  operation  and  to  1 
observe  varying  bottom  conditions.  i 


» 

PART  III.  LIST  OF  AREAS  FOR  TRAINING 

.  i 

i  • 

i 

1 

A.  Areas  Having  Variety  of  Subbottom  Features 


i 


1.  Salem  Harbor 

2.  Offshore  between  Marblehead  and  Boston  Outer  Harbpr 

I  ' 

3.  Boston  Outer  Harbor  , 

4.  Boston  Inner  Harbor  , 

'  t 

PART  IV.  QUALIFICATIONS  OF  INSTRUCTORS  1 

A.  Robert  F.  Henderson,  Seriior  Engineer  will  J>e  the  principal  instruptor.  He 

has  6  years’  experience  in  design.and  operation  of  seismic  and  side  scan  sonar 
systems  with  EG&G.  Other  related  experience  and  education  as  per  attach¬ 
ment  1.  '  i 

'  ,  '  1 

B.  Arthur  G.  Gerokoulis,  Technical  Specialist  will  be  the  assistant  instructor  He1 
has  8  years’  experience  in  the  construction  of  seismic  systems  and  3  years’ 
experience  in  construction  and  operation  of  side  scan  and  seismic  systems. 

'i  i  « 

♦ 

I  * 
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